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ABSTRACT
The primary purpose of this study is to obtain a de
tailed knowledge of the lithologio characteristics of the
surface sediments of the Eocene Jackson group of Mississippi
and adjacent areas, including parts of East Texas, Louis
iana, and western Alabama.

Mechanical analysis and petro-

graphic method are employed.
the mechanical analysis.

Wentworth scale is used for

The size frequency distribution

of the sediments i® presented on (l) triangular co-ordinate
paper to Illustrate the sand, silt, and clay composition of
the sediments,

(2) arithmetic probability paper for elucidat

ing the environment of deposition of the sediments.

The

transgression of the Jackson sea is interpreted according to
the change of grain size of the Jackson sediments.

The rela

tive decrease of clastic materials and increase of calcareous
materials of the sediments is analyzed.

It is believed that

the calcareous content of the sediments can be used as a
criterion In general to decipher the environment of deposi
tion of ancient marine sediments.

It is found that the gra

dational increase of calcareous content of the sediments
from bottom to top of the Moodys Branch formation {Jackson,
Mississippi) is consistent with the gradational decrease of
grain size of the same sediments.

The grain size distribu

tion can be used as basis to separate the sediments of
1

different members of the Yazoo formation of Mississippi and
western Alabama.

Furthermore, the oaloareous content of

the sediments can also be used as an aid in subdividing the
Jacksonian sediments into members, although some samples can
be assigned to either one of two successive members.
Edelman’s method is followed in the study of heavy min
erals.

The history of the study of heavy minerals in sedi

ments is divided into three stages up to the present time:
(1) stage of revelation,
stage of downfall.

(2) stag© of culmination, and (3)

A continuous decline of the study of

heavy minerals in sediments is observed.

However, the sig

nificance of the presence of heavy minerals in sediments is
still readily recognized.

Sixteen heavy minerals are identi

fied in the Jacksonian sediments.
are distinguished:

Two sedimentary provinces

the province of Mississippi and western

Alabama to the east is characterized by the abundance of
kyanite, staurolite, and the presence of epidote;

the pro

vince of Texas to the west Is characterized by the abundance
of zircon, titanite, and magnetite.

Hpidote is present in

the Texas province but rather rare.

Magnetite is almost

absent in the eastern province, whereas ilmenite is abundant.
The stratigraphical variation of the heavy-mineral assem
blage in the Jacksonian sediments is almost negligible.

The

granular variation is well shown when the size of frequency
distribution of the sediments is taken into comparison.

It

is found that the heavy-mineral assemblage can not be prac
tically used as marker for the differentiation of strati
graphic units of the Jacksonian sediments.

3
The present petrographic study indicates that there is
similarity or continuity of lithology between Gosport and
Moodys.

However, the equivalence of Moodys and Gosport can

not be established only on the basis of their lithologic
characteristics.

Paleontological evidence should be con

sidered before any conclusion regarding the stratigraphic
position of Gosport sand can be reached.
The Jacksonian sediments are tentatively classified
into several rock types based on three components, namely,
clay, silt and sand, and calcareous content.

Marl, chalk,

and ooqulnoid greensand are especially discussed and de
fined.

This classification is intended to clarify the mean

ing of rock-names used for the Jacksonian sediments.
The historical changes of the nomenclature of the stra
tigraphic units of the Jacksonian sediments are reviewed
briefly.

INTRODUCTION
Clastic, chemical, and organic materials deposited on
the thin outer shell of the lithosphere undergo various
processes of weathering, transportation and deposition. The
diverse sources of the clastic materials;

the complicated

manner, the different agents, and the sorting and abrasive
effects of the process of transportation;
In deposltional environments;
different lithologies.

the differences

and geologic time result In

In addition, the variously de

posited sediments can further vary in degree of consolida
tion.

The process of diagensis is likely to add more tex

tural and aineralogical changes to the already diversified
sediments, which are composed of clastic, chemical, and
organic constituents of various proportions.
Sediments are usually investigated in the field for
structure and megascopic characteristics, such as bedding,
joints, color, and concretions, which are best seen at the
outcrops.

After this study in the field, samples are col

lected systematically according to a carefully designed pro
cedure which is aimed to collect a representative but limited
number of samples for further study in the laboratory.

It is

emphasized here that very thin and closely i n t e r l a m i n a t e d
beds of different lithology, which can not be collected
4

5
without contamination, are avoided-

Only rather thicker

beds which represent a more sustained environment of de
position are collected.

Petrographic methods, mechanical

analysis and sometimes geochemical studies are usually ex
ercised in the sedimentation laboratory-

The mineralogies1

and chemical composition of the sediments, the shape, size
and the fabrication of the clastic grains in the sediments
are the intimate objectives of the study.

The proportion

of the clastic, chemical, and organic constituents is of
profound Importance in dealing with the genesis of the sedi
ments.

Bmphasis has been placed on the petrographic method;

however, it is believed that better results can b© reached
if other methods are also incorporated in the study.

For

instance, the study of fossils in a sediment can aid In de
termining both the stratigraphic position and environment
of deposition of the sediment.
The study of a particular sediment can b® approached
from many different angles.

The objectives of the study may

also vary according to the purpose and extent of the study.
Generally speaking, two important phases or factors are fre
quently dealt with.
of the sediments.

They are the genesis and the lithology
If primary consideration is attached to

their genesis, the various processes and changes that could
affect^ the sediments should be traced out whenever possible.
Although some of these processes or changes leave little or
no record in the sediments, objeotlve research efforts should
still be applied.

On the other hand, if primary significance

is attacked to the Xithology of the sediments, the rook
characteristics of the sediments should be the sole aim for
the study,

This implies a rather comprehensive and syste

matic study of the sediment themselves, without any elabora
tion or elucidation of their origin whatsoever,
This paper is limited to the study of the llthology of
surface samples of the Eocene Jackson group of Mississippi
and adjacent areas, including parts of East Texas, Louisiana,
and western Alabama,

The primary purpose of the study is to

obtain a rather detailed knowledge of the lithologic charac
teristics of this group of sediments by means of grain-size
analysis and petrographic methods.

The history of the

nomenclature of the Jackson group is briefly reviewed.

The

grain-size analyses are presented on (1) triangular co
ordinate paper to illustrate the sand, silt, and clay com
position of the sediments, {£) arithmetic probability paper
to illustrate the size frequency distribution of the sedi
ments.

The transgression of the Jackson sea is interpreted

according to the change of grain size of the Jackson sedi
ments.

The environment of deposition is generally discussed

based upon the size frequency distribution.

The relative de

crease of clastic materials and increase of calcareous ma
terials of the sediments deposited in the Jackson sea is
analyzed.

It is believed that the calcareous content of the

sediments can be used as a criterion in general to decipher
the site of deposition of ancient marine sediments.
The significance of the presence of heavy minerals in

7
sediments is analyzed.

The heavy-mineral assemblages of the

Jackson sediments are derived according to Sdelmanrs method.
Two sedimentary provinces are recognized in the Jacksonian
sediments.
Most of the Jacksonian sediments are composed of un
consolidated materials.

A tentative classification of the

Jacksonian sediments is made on the basis of three components,
namely;

clay, sand and silt, and calcareous materials. Marl,

chalk, and coquinoid greensand are especially described.
Effort is made in this study to review the history of the
name marl.

Its meaning is re-defined, mainly based upon the

Jacksonian sediments of the Gulf Coast ares.

A practical

method for identifying marl in the field is suggested.

The

sediments of the Pachuta member are classified as chalk. The
greensand of the Moodys Branch greensand member is re-named
as coquinoid greensand.

NOMENCLATURE OF JACKSON GROUP
{A brief History)
A* Texas
In 1871, Hilgard1

subdivided Tertiary sediments of the

Gulf of Mexico into "Marine Eocene Tertiary" below and
"Grand Gulf (Braokist) Tertiary" above.

"Jackson" was rec

ognised between "Red Bluff" above and "Claiborne" below.
His subdivision was very accurate and has been widely ac
cepted, although with some change® of the nomenclature.
His geological map of the Mississippi embayment indicates
that the Jackson group of Louisiana and Mississippi is in
cluded in the "Marin© Eocene Tertiary."

In Texas, however,

the Jackson group was Included in his "Grand Gulf (Brack
ish) Tertiary."

Nevertheless, he stated that his map was

"without much pretension to accuracy of detail..."
In 1884, Loughridge2

studied the "Grand Gulf" of Texas

and reached the conviction that "these sandstones contain
-

& -----1 Hilgard, E.W., "On the geological history of the
Gulf of Mexico," Amer. Jour. Sei., 3rd aer., Vol.2,
pp. 391-404, 1871.
2 Loughridge, R.H. "Report on the cotton production
of the state of Texas with a discussion of the g e n 
eral agricultural features of the State," 10th
Census U.S., Vol. 5, p. 21,1884.
8

no fossils so far as known, and identification of the group
is dependent wholly upon the position and character of its
rocks*"

The strata he described included the Fayette and

Catahoula sandstones of eastern Texas and the Oakville sand
stone of southwestern Texas.

He thought that the age of this

"Grand Gulf" should probably be Miocene.
In 1890, Penrose^ named all the strata above the Cook
Mountain formation of the Eocene Olaiborn© group and below
the Lagarta formation of the Miocene Fleming group of Texas
the "Fayette beds," after Fayette County, Texas, where the
strata were first described*

He described the beds as sands,

clays and lignites with a thickness of about 300 to 400 feet*
He also was impressed by their color, mod© of occurrence and
associations, and thought they were easily distinguished from
any other beds in the Tertiary series of Texas.

He argued

that his "Fayette beds" should be equivalent to the "Grand
Gulf series" of Hilgard’s Mississippi section, although he
himself put it as "later Tertiary" with a question mark.
About this same time, Penrose called Hilgard’s "Grand Gulf
Tertiary" the "Grand Gulf series."
:

In 1892, Kennedy^ discussed the extentIon of a series of
#

-

5 Penrose, R.A.F., Jr., "A preliminary report on the
geology of the Gulf Tertiaries of Texas from Red
River to the Bio Grande,” Texas Geol. Survey, 1st
Ann. Bept. (1890), pp. 47-58.
* Kennedy, William, "A section from Terrell, Kaufman
County, to Sabine Pass on the Gulf of Mexico,”
Texas Geol. Survey, 3rd Ann* Rept., 1892, pp.
60-62. 113-116.
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gray ©anda , sandstones, and gray and white clays, and also
a deposit of white limestone containing oasts of shells
along the "section from Terrell, Kaufman County to Sabine
Pass*"
sands."

All these sediments were described as "Fayette
Judged on the basis of the extension and the sec

tion of the series of beds that Kennedy had discussed, the
"Fayette sands" of Kennedy should include the Eocene Jack*
son.group and the Miocene Catahoula sands of east Texas.
In the same year (1892), Bumble** subdivided Penrose's
"Fayette beds" Into two divisions;

the lower part, contain-

Ing olays was named "Yegua division” ;

the upper part, con

taining sandstones, was named the "Fayette division."
In 1893, Kennedy** assigned the "Fayette beds" of Pen
rose to the Eocene, according to the fossils found in these
beds.

These Invertebrate fossils were Cardita planioosta

Sowerby* Calyptrophorus velatus Conrad, and others which
were credited to the Eocene Claiborne.

Their occurrence in

the laminated lignitic sands and clays in the gray sandstone
necessarily places these deposits In the Eocene Claiborne.
In 1894, Dumble7 separated the Oakville from the

5 Bumble, E.T., Report on the brown coal and lignite
of Texas: Texas Ceol. Survey, pp. 148-154, 1892.
6 Kennedy, William, Report on Crimes, Brazos, and
Robertson Counties: Texas Oeol. Survey, 4th Ann.
Rept., 1893, p. 15.
? Bumble, E.T., "The Cenozoio deposits of Texas,"
Jour, deol., Vol. B, p. 556, 1894.
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"Fayette beds," on the ground that the Oakville succeeded
the Frio and the Fayette.

It bears very close resemblance

to them lithologically, and therefore, was considered a
part of the "Fayette beds" by Penrose.
In 1902, Featoh® first recognized the Jackson forma
tion in Texas.
been found.

He stated that a typical Jackson fauna had

"The considerable thickness of the Jackson

beds here indicated that careful search would reveal Jack
son in Texas, and recent work has shown Jackson fossils near
Caddell P.O. In clayey marls and in the white sandstone di
rectly above them."®

The Fayette was Included in his "Grand

Gulf Sandstone" which was equivalent to "Grand Gulf Group"
of Hilgard’s Mississippi section*

Featoh used the name

"Grand Gulf Group" for HiXgard's "Grand Gulf Tertiary."
In 1903, Dumblei0 used the name "Fayette sands" in
place of his former "Fayette division."

He observed two

somewhat similar beds of sands in the Texas area, separated
by a band of clay of variable thickness.

He suggested that

the lower part of these sandstones was the "Fayette sand®,"
and was of lower Claiborne age, whereas the upper part, named
"Oakville beds", was of Miocene age according to its fossils.

® Veatch, A.C., "The geography and geology of the
Sabine River," A report on the geology of Louisi
ana, Louisiana State Exp. Sta., Geol. Agr. Survey,
La., Spec. Kept. 3, (1902), pp. 131-32.
9 Ibid.. p. 131.
Durable, E.T., "Geology of southwestern Texas," Am.
Inat. Min. Eng. Trans., Vol. 33, p. 32, 1903.

In 1906, Veatch3*3* included the "Fayette sands” in his
"Catahoula formation,” which was called by him the "Grand
Gulf Sandstone” in 1902*
la 1914, Beussen3-2 included the Fayette in his "Cata
houla sandstone," which he thought to be a lithologic and
stratigraphic unit that transgressed several biologic zones.
This "Catahoula sandstone” was considered largely of Jaokson age in central Texas, and in the region of the Brazos;
and largely of Vicksburg age in eastern Texas.
In 1918, DumblelS discussed the Jackson formation of
east Texas at length and subdivided it into three beds;
Manning, Gaddell, and Wellborn.

the

At this time, he considered

part of the section below Wellborn as "Fayette" {lower Clai
borne.”

The "Wellborn bed®” were, described as sandstones of

rather fine grain, gray and brown color, interstratifled
with lignitio clays and sands and overlain by sandy carbona
ceous shales carrying silicifled logs.

"Gaddell beds” suc

ceeded "Wellborn beds” and were described as greenish clays,
and sandy clays with gypsum and sulphur.

The "Manning beds”

H

Veatch, A.C., "Geology and underground water re
sources of northern Louisiana and southern Arkan
sas,” U.S. Geol. Survey, Prof. paper 46, pp. 42-43,
1906.

^

Deussen, Alexander, "Geology and underground
waters of the southeastern part of the Texas
coastal plain,” U.S. Geol. Survey, Prof. paper
335, pp. 68-72, 1914.
Bumble, E.T., The geology of East Texas: Univer
sity of Texas Bull. (1918), pp. 145-84.
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were desoribed as a series of Xignitic clays and sands with
interbedded brown sandstones, some of which have a porcelaneous cement whereas others were quartzitic, the uppermost
portion being carbonaceous sandy clays with gypsum and sul
phur*

Extensive beds of volcanic ash and some volcanic

tuff were associated with both the "Gaddell beds” and the
"Manning beds*"
In 1924, B u m b l e ^ divided his former "Fayette” Into
two aeries, based upon the outcrops exposed in the Lipan
Hills east of Campbellton.

The lower series was called

"Lipan beds,” and was Included in the Claiborne state.

The

upper series was called "Whitaett beds,” and was correlated
as Jackson*

The "Frio" was considered to be Jackson, based

on the "fact” that the "Frio” was overlain by bed® of foesillferous sands and clay belonging to the supposed lower
Ollgocene.

However, the typical Jackson group was repre

sented by the Caddeli-Manning beds.
In the same year, DeussenlS published a paper describ
ing in details the geology of the coastal plain of Texas

14 Bumble, I.T., ”A revision of the Texas Tertiary
section with special reference to the oil-well
geology of the Coast region,” Bull* Amer*
Asso. Petro. Geol., Vol. 8, No* 8 {July-August,
1924} pp * 424—44 *
15 Deussen, Alexander, "Geology of the coastal
plain of Texas west of Brazos River,” U.S. Geol.
Survey, Prof. paper 126, 1924.
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west of Brazos River.

In this he first placed "Fayette

sandstone" In the Jackson age of deposition, based on pa
leontological data such as Ostrea georgiana and Tellina
eburnlopsia.

Also some fossil leaves pointed decidedly

to an ag© later than lower Claiborne.

He concluded that

"the Fayette sandstone is a stratigraphic unit of Jackson
age, whioh has its greatest development in southwestern
Texas and becomes thinner eastward toward Louisiana."
The boundary of the "Fayette sandstone" Is about the same
as defined by Humble in 1918.

Deussen also assigned th©

"Catahoula sandstone" to the Oligocene, which was separated
from Jackson "Fayette sandstone" by Eocene "Frio Clay."
The "Oakville sandstone" was assigned as Miocene.

Up to

this time, it seems that the stratigraphic position of the
"Fayette sandstone" was still uncertain, owing to the
paucity of identifiable fossils, the megascopic resemblance
In lithology between it and the overlying formations, and
the progressive ohange or gradation of lithology from
sandstone beds into clay beds.
In 1933, Fllisor16

defined and subdivided the Jack

son group of Texas on the basis of micro-paleontology and
megascopic lithology in descending order as follows:

^

Elllsor, A.C., "Jackson group of formations In
Texas with notes on Frio and Vicksburg/1 Bull.
Amer. Asso. Fetro. Geol., Vol. 17, Mo. 11
{November, 1933), pp. 1293-1350.
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Group

Formation

Member

Whitsett

Olmos sand
Fashing clays
Galllham sand
Dubose sands and clays
Stone's Switch sand
Falls City shales
Bilworth sand

MeBiroy

Manning beds
Wellborn sands
Wooley's ©luff clays

Jackson

Caddell

{
{

upper Chocolate phase
lower Marl phase

In 1936, Heaiok^7 published on a study on the Jackson
group of the Texas Gulf Coastal Plain*

The history of the

nomenclature of the formations or members of this group was
reviewed.

The lithology, stratigraphic relations and thick

ness, paleontology and age, and the depositions! conditions
of the formations and members of this group were discussed
is details.

He emphasised that ”the stratigraphy is the

main topic of this paper but the principal structural fea
tures are also discussed,”

However, his description of the

lithology and depositional conditions can be regarded as
essentials in his paper.

He subdivided the Jackson group in

descending order as follows:

^

Renick, B.C., ”The Jackson group and the Cata
houla and Oakville formations in a part of the
Texas Gulf Coastal plain,” Univ. of Texas
Bull. 3619, 1939, pp. 1-104.
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GROUP

MEMBER

FORMATION
Whitsett
Manning

1ackson
Wellborn

{

other sandstones
Yuma sandstone
Dilworth sandstone

{

Carlos sandstone
Middle Wellborn
Bedias sandstone

Caddell (Moody’s marl)

B.
In 183B,

Ha plan

Louisiana

-^8 described a huge Zeuglodon vetebrab©

sent him by Judge Bry, who found the large fossil bone on
the Ouachita river* at a point about halfway between Colum
bia and Monroe, Louisiana•

He proposed the name "Basil-

osaurus" for the animal.
In 1869, Hilgard^ reported the presence of "Jackson
tertiary" in Louisiana.

He thought according to "reliable

data obtained from resident" that the "Jackson strata"
underlay the "Mansfield Group."

The "Mansfield Group"

should be the lignitlo beds of Vicksburg group of Louisiana.

18 Harlan, Richard, "Notes of fossil bones found
in the Tertiary formation of the State of
Louisiana," Amer. Philos, Soo. Trans., new
ser., Vol. 4, pp. 397-403, 1832.
Hllgard, &.W., Preliminary report of a geolog
ical reconnaissance of Louisiana• Office of
De Bow’s New Orleans Review, 15pp., 1869.
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In 1870, Hopkins20 traced the Jaokaon outcrops from
Grandview on the Ouachita to Montgomery on the Red river.
The vetebra of Seuglodon was collected from the Montgomery
locality.

Nevertheless, many of the important lower Clai

borne outcrops as known today, were visited by Hopkins and
referred to the Jackson group.

In the following year, Hop

kins2^* used the name "Jackson group" for the sediments of
the Jackson age, and regarded it as the "seventh" order from
the top of the formations laid down in Louisiana.

Evidently

he included all the Eocene sediments of Louisiana in his
"Jackson group*"
In 1871, Hilgard22 considered that the Jackson was
marine, and was underlain by Claiborne and overlain by "Red
Bluff."
In 1893, Lerch2^ reaffirmed the presence of Jackson
group in Louisiana based on the presence of Zeuglodon bones

SO Hopkins, F.V., First annual report of the Louisi
ana State Geological Survey: Louisiana State
University Ann. Rept. for 1869, pp. 77-109.
21 Hopkins, F .Y ., Second annual report of the Geolo
gical Survey of Louisiana to the general assembly:
bound and distributed with Louisiana State Univ.
Ann. Rept. for 1870.
22 Hilgard, E.W., "On the geological history of the
Gulf of Mexico," Am@r. Jour. Sol., Vol. 10S, pp.
391-404, 1871, (Geological map is on the last
page of this volume.)
2^ Lerch, Otto, "A preliminary report upon the hills
of Louisiana, south of Vicksburg, Shreveport and
Pacific railroad, to Alexandria, La.,” Part II
of the "Geology and Agriculture of Louisiana,”
pp. 53-159, State Exp. Sta. Louisiana, 1893.
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in the sediments.

However, he thought that the boundary was

not definite, because the lithology of the Jackson group and
the overlying Vicksburg group varied so little in character,
and that only very detailed survey could succeed in clearly
defining them.

He also thought that both Vicksburg and the

Jackson were marine.

He described "The Gray Clays" which

were "resting uneonformably upon the deeply eroded surfaces
of the green sand marl and black lignitio shales of marine
Claiborne, dipping from 10 to 15 degrees southwest and
present over the whole section examined."

Later, these

clays were provisionally called "Arcadia clays," after the
town Arcadia, Bienville Parish, Louisiana, where they are
typically exposed.

"Arcadia clays" were considered as of

Jackson age, because "they grade into one another."
In 1896, Vaughan2^® claimed that he had never seen any
evidence that an erosion period intervened between the "Arca
dia clays" and the lower Claiborne beds.

Thus, he believed

that the "Arcadia clays" were not Jackson In age but should
be referred to the lower Claiborne.

The name "Arcadia clays"

had to be abandoned.
In 1899, Harris and Veatah2^ first reported the presence

24 Vaughan, T.W., A brief contribution to the geol
ogy and paleontology of northwestern Louisiana:
U.S. Geol. Survey, Bull. 148, 65pp., 1896.
Harris, G.L., and Veatoh, A.C., A preliminary
report of the geology of Louisiana: Part V,
State Hxp. Sta. La., 1899.
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Of th« Jackson outorop at Danville Landing;

at this locality

the Jackson is composed of fossiliferous bluish-yellow marl
and exposed along a bluff about forty feet high*

All the

outcrops were referred to the "Jackson stage
In 1902, Veatoh2^

reported that the "Jackson™ beds

were well exposed from the Stock Landing to Carter Landing
along the Ouachita, and were extremely fossiliferous.

He

claimed that the section along the Ouachita was the best yet
found, and estimated the thickness of the Jackson beds in
this section to be about 500-550 feet, calculated from the
dip observation along the section*

StratigraphloaXly, he

considered that the outcrops at Stock Landing, Gibson Land
ing, Grandview Bluff and Bunker Hill were lower Jackson,
that at Wyant Bluff middle Jackson;

and those at Danville

and Carter Landing upper Jackson*
In 1906, Veatch^7 denoted the time of Jackson deposi
tion as the "Jackson epoch*™
la 1916, Matson2® reported that the "Catahoula sand
stone™ of Louisiana should be known as Jackson, representing

26 Veatch, A*C*, "Notes on the geology along the
Ouachita, Louisiana," State Bxp* Sta., GeolAgr. La., Part VI, Special Kept. No* IV, pp.
149-172, 1902*
27 Veatch, A.C., The underground waters of Northern
Louisiana with notes on adjoining districts:
Louisiana Geol* Survey, Bull* No. 4, 1906*
28 Matson, G.C.,
"The Catahoula sandstone," U.S.
Geol* Survey, Prof. paper 98, pp. 209-226, 1917.

so
the eastward extension of the "Fayette sandstone" of Texas,
Therefore, the name "Fayette sandstone" was applied to part
of the Jackson sequence of Louisiana.

The "Catahoula sand

stone" was composed of sandstones and quartzite containing
imprints of marine fossils, and some of the associated clays
whiah are darker and more calcareous than those of the
typical Catahoula.
In 1930,

Shearer2®

wrote that the "Jackson formation"

oonsisted almost entirely of green clay-shale, more or less
calcareous and fossiliferous.

In the lower part there were

some thin beds or lenses of sand.
In 1932, Howe and Wallace3® published an illustrated
report on the foramlnifera from Danville Landing.

They felt

that much work needed to be done on the Jackson before it
was satisfactorily subdivided into separate units in Louisi
ana.

Transition beds of gray or brown clay between Jackson

and Claiborne were discussed.
In 1933, the Shreveport Geological Society31 regarded
the beds at Danville Landing as "upper and lower Danville
horizon,"

without any further detailed subaidivion.

In

2®Shearer, H.K., "Geology of Catahoula Parish, Lou
isiana," Bull. Amer• Asso. Petro. Geol., Vol. 14,
No. 4 (August, 1930), pp. 438-439.
30Howe, H.V., and Wallace, W.E., "Foraminifera of
the Jackson Eocene at Danville Landing on the
Ouachita," La. Dept. Cons. Geol. Survey, Bull,
No. 2, 118 pp., 1933.
31Guidebook, 10th annual field trip of the Shreve
port Geological Society, July, 1933.
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the following year, Hanna and Gravell3^ subdivided the Jack
son beds in Louisiana into three "groups."

They are as fol

lows in descending order:

*
Jackson

Danville Landing Beds (group)
Yazoo group
(1. Textuleria Hookleyensis Zone)
(2. T. Dibollensis Zone
Moody's Branch group
(Camerina Zone)

They also reported that "Red Bluff sands" were present down
dip as transition beds between Oligooene and Jackson, and
"Cockfield" was transition between Jackson and Claiborne.
In 1935, Israelsky33 reviewed the correlation by Hanna
and Gravell.

He eliminated the "Red Bluff sands" from the

correlation chart of Hanna and Gravell, and put "Upper Lanville Landing Beds" between "Jackson" and Oligooene."

His

"Jackson” was subdivided into "Yazoo group" above and
"Moody's Branch group" below.
In 1938, Fisk34 revised the nomenclature of Jackson
group in Louisiana based on his extensive study of geology

32 Guidebook, 31th annual field trip of the Shreve
porl» Geological Society, 1934,
33 Israelsky, Merle C., "Reviews on the guidebook
of the 11th annual field trip of the Shreveport
Geological Society In southeast Mississippi,
complied by Roy T» Kazzard and B.W. Blanpied,"
Bull. Amer. Asso. Geol., Yol. 19, 1935,
pp. 571-575.
34 Fisk, H.N., Geology of Grant and LaSalle
Parishes: Geol. Bull. No. 10, Louisiana Geol..
Survey, 1938.

of Grant and LaSalle Parishes, Louisiana.

He subdivided

the Jackson group, in descending order, as follows:
GROUP

FORMATION

MEMBER

rDanville Landing
Beds
Verda
Jackson

LENTIL
Zenoria
silty sands
(un-named lentil
«
Moosy Ridge
Saddle Bayou

Yazoo Clay
Union Church Transition
Phase
- Tullos (Clay)

_

Mo o&y ’ Sran^h^Marl^
Tran s ition~*Phas e
■~ —

—
C.

Mississippi

In 1846, the Eocene Jackson group was first investi
gated in. Mississippi by Conrad^S

as part of his observa

tions on the Eocene formations of the United States*

Al

though he did not differentiate the Eocene series of
Mississippi, Alabama, and Louisiana and subdivide it into
separate groups, he did emphasize that "the development
of the Eocene Is much greater than was supposed, In conse
quence of its embracing a white friable limestone, formerly

^

Conrad, T.A., Observations on the Eocene for
mations of the United States, with descriptions
of species of Sheels, &c, occurring In it,"
Amer* Jour. Soi., 2nd ser* Vol. X, 1846, pp.
209-220s 395-405.

^

According to present nomenclature, the Eocene
is considered as "series", Instead of "forma
tion". Sutton, A.H., "Time and stratigraphic
terminology," Bull. Geol. Soo. Amer., Vol. 51,
1940, pp. 1397-1412°

£3
referred to the upper Oretaoeous period.

In reviewing the

organic remains of that rock, I cannot resist the convic
tion that It is so nearly of the same age with th® Eocene
sands of Alabama, Mississippi, Louisiana, etc., that it may
not with propriety be referred to an earlier era...”

Con

rad's conviction regarding the time equivalence of the
"friable limestone” and the "Eocene sands,” although terse
and brief, implies a profound concept of sedimentation,
that the progressive change of lithology from place to place
of a formation which is formed during the same depositions!
stage is not uncommon,

normally, this concept is easily

understood on the assumption that the depositional environ
ment is static for continuous deposition.

However, the mat

ter becomes complicated when the concept of transgression,
inundation, and regression is considered In the discussion
of the changes of lighology and facies of sediments.

Pro

gressive changes in lithology and successive changes in
facies occur in successive phases or stages of deposition.
In 1854, Wailes37

Galled the Jacksonian sediments ex

posed at Jackson, Mississippi "The tertiary green-sand
marl.”

The shells In these sediments were named "Jackson

Tertiary Shells.”

Thus, the name "Jackson” was first used

by Wailes.
In 1856, the group of well exposed formations In

37 Wailes, E-L jS-» Hept. on the agriculture and
geology of Mississippi: E. Barksdale, State
Printer, 1854.
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Jaokson, Mississippi was named by Oonrad38 the 'Maokaon
group," from exposures at Jackson, Mississippi•

Many fos

sils of this group were described and identified, but no
description of the lithology was given*

However, he men

tioned very briefly that "the Mississippi deposit des
cribed by Wailes, Is a group of shells chiefly, of more
than ordinary beauty and preservation, Imbedded in sand
of the gray color consisting of fine angular grains of
quartz and minute fragments of shells*"
In 1906, Grider39 described and correlated the "Jackson
formation" of Mississippi and Alabama*

He stated that "...

there seems to be a gradation in both the fossils and strati
graphy from the upper Claiborne to the lower Jackson*"

The

"Scutella beds" were considered to be either part of "Lis
bon beds" or "Jackson formation*"
In 1915.w Lowe4Qv

made more extensive study of the

"Jaokson group" in Mississippi*
into three formations:
Green Marl” ;

He subdivided this group

"Yazoo Clay Marl";

and "Madison Sands*"

'Moody’s Branch

"The materials of the

38 Conrad, T.A.,
"Observations on the Eocene deposit
of Jackson, Mississippi, with descriptions of
thirty-four species of shells and corals," Proo.
Philadelphia Acad. Hat* Sci., 1856, p. 257, "Re
printed in Bull. Amer* Paleontology, Vol. 24,
Ho. 86, 1959, pp. 345-359.
39 Crider, A.P., Geology and mineral resources of
Mississippi: U.S. Geol. Survey, Bull. 283, 1906,
p. 33.
40 Lowe, E.N., Mississippi, Its geology, geography,
soils and mineral resources: Mississippi State
Geol. Survey, Bull. No. 12, 1915, pp. 78-84.

Jackson group consist of limited clay and lignitio deposits
intercalated with fossiliferous marl beds toward the base*
above which a thick deposit of yellowish or bluish clay
marl makes up the greater part of the thickness of the group
These are overlaid by glauconite blue and green sandy marls
very rich in fossils*

The close of Jackson time was marked

by the deposition of sands of gray to yellow and white color
Coincident with these changing materials we have recognised
three formations belonging to this period.”

Lowe described

the Yazoo clay as the "limited clay and lignitic deposits
intercalated with fossiliferous marl beds toward the base*
above which a thick deposit of yellowish or bluish clay,marl
makes up the greater part of the thickness of the group.”
The "Moody's Branch Green Marl" was named from Moody's
branch, a small tributary of Pearl river within the city
limits of Jackson, Mississippi.

Lowe described the Marl as

"...rich in glauconite, and filled with numerous species of
finely preserved fossils...mostly univalve shells...bivalves
are also abundant;
numerous others,...

eohlnoids, shark’s teeth, crabs, and
These glauconitic marls pass downward

into lignitic clays with nodular lime concretions project
ing from the vertical walls of marl, passing at the base of
the outcrop on Moody’s branch into thin beds of lignite.
Above they merge into a grayish yellow calcareous clay very
similar to that at Yazoo city.
the bottom..."

This clay is sandy towards

The name "Madison Sands" was assigned to

a series of sand beds in Madison County, Mississippi.

This
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sand was described by Lowe as ".. .distinctly stratified,
often showing pronounced dip, are non-fossiliferous, pre
vailingly of gray oolor, but showing variations from gray
to yellow and white... sandwiched between the Jackson
marine beds and the marine marls of the overlying Vicks
burg

group.n

Apparently Lowe included all those sediments

in Yazoo county except the mantling gravel, sands and loess
in his "Yazoo Clay Marl."

It is clear that his "lignltio

deposits intercalated with fossiliferous marl beds toward
the base..." belong to the Cockfield formation of the under
lying Claiborne group.

Above this lignitio deposit, there

should be about 50 feet thick of Moody’s Branch marl.

The

boundary of the "Moody’s Branch Green Marl" at the type
locality was not defined.

It seems that part of the Yazoo

clay, which he descrived as "...a grayish yellow calcareous
clay very similar to that at Yazoo city..." was included in
his "Moody’s Branch Green Marl."

The lignitio beds below

the Green Marl at the type locality should be classified as
part of Cockfield formation.

Lowe thought that the "Madison

Sands" of western Mississippi were represented stratlgraphically by the "Bed Bluff beds" of eastern Mississippi.

He

believed that the sandy character was traceable eastward
along the line of contact with the VIokburg.
designated It as the uppermost Jackson.

Thus, he

It Is clear that the

boundary of the "Madison Sands" was rather well defined, al
though it was later replaced by the name

"Forest Hill"

by Cooke4L» and was classified as the lower formation of
Oligocene, instead of the uppermost of Eocene series*
In 1928, Stephenson, @t. al.,42 regarded the slacks on
sediments as a formation instead of a group*
In 1954, Hanna and 0ravell43 subdivided both the sur
face and sub-surface Jaoksonian sediments of Mississippi as
follows:
Danville Landing Beds (group)
Cocoa Sand of Cushman
* B
?
a r
z 0
Q u
Lower Yazoo
o p
Moody1a Branch (group)
In the same year, Blanpied et. al„,43 correlated the
Jacksonian sediments as follows:
Louisiana

Mississippi

Alabama

Yazoo Clays
Ocala Limestone
and
Fayette Sandstone
Jaokson Formation

^-^^ocoa^sand^
Moody’s Branch

Jaokson Formation

41 Cooke, C.W., ^Correlation of the deposits of
Vicksburg and Jackson ages in Mississippi and
Alabama,” Wash, Acad, Soi. Jour,, Vol. 8,
1918, pp. 186-198.
42 Stephenson, L.W., Logan, W.N., and Waring, G.A.,
”The groundwater resources of Mississippi,”
U.S. Geol Survey, Water-supply paper 576, 1928.
43 Guidebook, 11th annual field trip of the Shreve
port Geological Society, 1934,
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In 1936, G r i m ^ favored the Jaokson age for the Forest
Hill beds, because they grade very gradually into the Jack
son and abruptly into the Vicksburg-

The material is also

lithologically more like the Jackson then the Vicksburg.
la 1937, Monsour^® called the attention to the fact
that the upper part of the Jackson Eocene of eastern Missis
sippi (Shubuta) was closely related to the Red Bluff Oligocene on the basis of micro-paleontologlc analysis*

Because

he considered that the 93-ft of the ”Lenticulina horizon”
(Shubuta) in its entirety was younger than the upper Jackson
of Texas and the Banvill© horizon of Louisiana*
In 1939, Mellen4® held the same opinion of Grim and
assigned the Forest Hill beds to the Jackson*
In 1944, Murray^? further subdivided the Yazoo forma
tion into ”at least four lithologic units” In eastern Mis
sissippi and western Alabama.
Shubuta (clay) member;

In descending order they are:

Pachuta (marl) member;

Cocoa sand

44 Grim, R.E., The Eocene sediments of Mississippi:
Bull. 30, Mississippi Geol. Survey, 1936*
4*5 Monsour, Emil, "Mlcro-paleontologic analysis of
Jackson Eocene of eastern Mississippi,” Bull.
Amer* Asso * Petro. Geol *,Vol121,No . 1 (January,
1937), pp. 80-96.
46 Mellen, F.F., ”The contact of Vicksburg and
Jackson formations,” Miss. Acad* Sei* Jour*
Vol. 1, Proc. 1939.
^

Murray, G.E., ”Cenozoio deposits of central
Gulf coastal plain,” Bull. Amer. Asso. Petro.
Geol., Vol. 31, Ho. 10, (October, 1947),
pp. 1825-1850 -
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member;

North Creek (clay) member.

The Shubuta (clay) mem

ber contains the 20-350 feet of clays and clayey marls at
the top of Jackson;

it was named for exposures near Shubuta,

Clarke County, Mississippi.

The Pachuta (marl) member con

sists of 0-25 feet of buff, gray, or white, partially Indu
rated, generally glauoonitio, fossiliferous marl below the
Shubuta;

it was named for exposures on the south side of

Paohuta creek, Paohuta, Clarke County, Mississippi.

The

Cocoa sand member consists of a sand lentil exposed near
Cocoa post office, Choctaw County, Alabama, and extending
west into Mississippi.

The name "Cocoa sand" was first found

on the field labels of foraminifera specimens sent to J. A.
Cushman in 1935.

This lot of specimens included Cooke's col

lections which he collected in 1914 from a bed to which he
then applied the field name "Cocoa sand."

This name has been

widely used by other geologists since Gook@48 formally de
fined it as a stratigraphic unit in 1955.

It was described

es a large irregular fine yellow sand with soft white cal
careous lumps and hardy yellow sandy marl lumps.

The North

Creek (clay) member, proposed for an average of 40 feet of
green or gray, slightly glauconitic, fossiliferous clay, was
named for exposures on the west side of North creek, Jasper
county, Mississippi.

48 Cooke, C.W.,
"Definition of Cocoa sand member
of Jaokson formation," Bull. Amer. Asso. Petro.
Geol., Vol. 17, No. 11 (November, 1933) pp.
1387-88.

Numerous papers concerning the Jaokson group of Missis
sippi have been published since Conrad’s first paper in
1846*

Although most of these papers dealt with the paleon

tology of the Jaokson group, the lithology of the deposits
was usually briefly mentioned her© and there.

The existing

section of Jackson group in Mississippi is, in descending
order, as follows5
Yazoo
formation
Jackson
group

Moody’s
formation
D*

Shubuta member
Paohuta member
Cocoa member
-North Greek member
Marl member
Greensand member

Alabama

The Jackson group, which was a part of the "White lime
stone", in Alabama, was first studied and described by Conrad^O xn 1832-1833.

Conrad stated that the "White limestone"

in southern parts of Alabama was extensively developed in
Clarke County, where the remains of Zeuglodon were found.
In 1846, Lydell^l confirmed the Eocene "White limestone"
49Monsour, E.T., Tentative correlation chart; and
Garst, J., et. al., Jackson group section at River
side Park, Guide Book, 6th field trip, Missis
sippi Geol. Society, 1948*
^Conrad, T.A., "Observation on the Eocene forma
tion of the United States, with descriptions of
speoles of Shells, &c. occurring in it," Amer.
Jour. Sci., 2nd ser., Vol. 1, 1846, pp. 209-405*
slLyell, Charles, "On the Eocene of Alabama and
Georgia," Amer. Jour. Sol., 2nd ser*, Vol. 1,
1846, pp. 313-315.
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in Alabama which were described by Conrad, and called it the
"white tertiary limestone of the Eocene period.”
In 1850, Tourney32 named those sediments exposed west of
Olalbom®, Clarke Oounty, Alabama the "White limestone” ; and
those near St. Stephens, Washington County the "St. Stephens.”
These had been referred to the upper Cretaceous by Conrad in
1835.

This "St. Stephens" was later named the "St. Stephens

white limestone.”

The ages of these two sections were not

defined, although Tourney stated that they were alike and
younger than Claiborne bed®.
In 189B, the term Ocala was first formally used by
Dal 3.53 to denote the formation under the heading "Numulitio
beds, Ocala limestone (Oligocen© of Beilprin),”

after the

type locality near Ooala, Marlon County, Florida.
In 1907, Smith54t stated that the "St. Stephens lime
stone” in Alabama was equivalent In part to the "Yicksburg
limestone” and In part to the "Jackson limestone” of Missis
sippi.

They blended so completely that It has been impossible

to draw clearly the line of demarcation between them.

52 Tourney, Michael, First Biennial Report on the
Geology of Alabama; Tuscaloosa, 1850.
53 Pall, W.H., "Correlation papers - Neocene,”
U.S. Geol. Survey, Bull. 84, pp. 103-104, 1892.
54 Smith, E.A., The underground water resources
of Alabama:
Bull. Alabama Geol. Survey, 1907,
p . 19 •
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Xn 1915, C o o k e ^ used the name "St. Stephens limestone"
to denote the Eocene and Oligocene sediments in Alabama*
The lower part of this limestone was equivalent to "Ocala
limestone" of Florida, and the upper part was equivalent to
"Marianna limestone" of Florida,

The "Ocala limestone" was

referred to "Jackson formation" in Florida.
Xn 1925, Cooke55 correlated the Eocene formations of
Mississippi and Alabama and said that the "Jackson formation"
extended eastward into Alabama and changed to "Ocala limestone" across th© Tombigbee river.

This "Ocala limestone"

was a different facies from the typical "Jaokson formation."
In 192 0, Adams57 e t . si., subdivided the "deposits of
Jackson age" of Alabama into two formations?

the "Jackson

formation proper" for those deposits of the Jackson age
exposed west of Tombigbe© river, and the "Ocala limestone"
for those exposed east of the Tombigbe© river.
In 1939, Cooke56 discussed the possible equivalence of

55 Cooke, C.W., "Th® age of the Ocala limestone,"
U.S. Geol. Survey, Prof. paper 25, 1915, pp.
106-117.
56

, "Correlation of the Eocene forma
tions in Mississippi and Alabama*" U.S. Geol.
Survey, Prof. paper.

57 Adam, G.I., Butts C., Stephenson, L.W., and
Cooke, C.W., Geology of Alabama: Alabama Geol.
Survey, Special report 14, 1926.
56 Cooke, C.W.,
"Equivalence of the Gosport sand
to the Moody’s Marl," Jour. Paleontology, Vol.
13, No. 3, pp. 337-40, 1939.

the "Gosport sand" and "Moody's Marl."

He recommended that

the name "Gosport sand" be abandoned and that "Moody's Marl"
be extended to Alabama to include the "Gosport."
recommendation met strong opposition.
group of Alabama is subdivided into:

This

Presently the Jaokson
(l) The Jackson group

proper for those exposed west of the Tombigbee river.

The

section of eastern Mississippi proposed by Murray is used
in western Alabama;

(2) The analogue Qoala limestone which

is exposed east of th® Tombigbee river.

GRAIN-SIZE ANALYSIS
A.

Laboratory method

The procedure of the laboratory technique Is as follows:
1.

The sample Is studied megascopically with the aid of

hand lens and dilute HC1.

Grain-slze distribution and the

calcareous content of the sample are estimated»
S.

A certain quantity of the sample is weighed accord

ing to th® estimation in step I, so that after the removal of
the calcareous materials the sample should contain {a) about
30-gm of clastic material below .068-mm grade for pipette
analysis and (b) an adequate amount of clastic material above
•062-mm grade for dry sieving *
3.

The sample Is treated with warm 25$ HC1 in

ml tall beaker for removal of calcareous material„

a 1,000A small

amount of iron oxides and incipient glauconite are lost in
this treatment.

When pyrlte Is present over an estimated

one per cent, the sample is treated with warm 50% nitric
acid.
4.

The beaker is filled with water;

the sample is

agitated and allowed to settle overnight.
5.
tube.

The water in the beaker is siphoned out with a rubber
The sediments on the bottom of the beaker should not

be disturbed.
34
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6.

Step 4 and 5 are repeated until the complete re

moval of the dissolved material,

A small amount of unset

tled olay particles is incidentally removed and lost. This
loss amounts to less than one per cant* and is neglected,
7.

The sample is filtered, dried, and weighed and the

loss of dissolved material is calculated into weight-percentage-

Then the sample is washed into a 400-ml beaker, rubbed

with finger, and triturated with a rubber-tipped pestle into
paste.

The paste is poured into a 1,000-ml graduated cylin

der through a .062-mm sieve.

The residue retained on the

sieve and in the beaker is rubbed and triturated ©gain until
all the particles smaller than .G62-mm are washed through
the sieve.
water.
peptizer
8.
a

Care is taken not to us© an excessive amount of

A Solution containing .67-gm of sodium oxalate as
is added to the cylinder before wet sieving,
Residue retained on the sieve is transferred into

filter paper cone, and dried in oven overnight.
9.

The portion of sample above ,062-aim grade is weighed

and sieved into grades of Wentworth scale.

The weight of the

portion below .062-mm grade is calculated for pipette analy
sis.
10.

The sample in the cylinder for pipette analysis is

thoroughly agitated with a stirring rod until all the mate
rial is distributed in suspension.

Then the conventional

procedure is followed to complete the pipette analysis, end
these data are integrated with the data of the dry sieving.
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B.

General discussion

The size frequency distribution of the sediments is the
total result of the confluence of the source of supply of
the clastic materials and the environment of deposition,,

In

general, fine grains are likely to occur far away from the
source•

A poorly sorted admixture of clastic material, when

once settled down, can be sorted again by the winnowing ac
tion of currents.

On the other hand, a well-sorted beach

or dune sand can also become mixed with clay from suspension.
The size frequency distribution of sediments is closely re
lated to the site of deposition.

For instance, coarse

materials are usually common in the sediments along the
channel inside a bay, and fine-grained materials usually oc
cur near the bank or In stagnant water adjacent to the bay.
Minor difference in depth within the area of deposition
effects the size frequency distribution of the sediments.
Eolian materials or volcanic dust added to th® sediments
have the same affect.
In places where the percentage of clastic materials in
sediments is relatively low, the calcareous material content
Is frequent or normally high.

The calcareous material,

whether chemical precipitates or fossil fragments, should be
considered as Important as other clastic grains in the grainsize analysis of certain sediments.

The proportion of th®

calcareous and clastic constituents of the Jacksonian sedi
ments bring to light at least part of the information needed
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for deciphering the environment of deposition of these sedi
ments.

Many shell fragments, foraminifera tests, and other

fossil remains were transported before they were incorporated
with the other elastics materials.

Consequently these fossil

fragments should be considered as clastic material.

Most of

these fossil fragments have platy or flattened shape, and
would be more easily transported by water for long distance
than rounded clastic grains of similar size.

Thus, some of

these may have been derived from older formations which
cropped out in the hinterland.

However, most of the fossil

fragments are remains of marine organisms living in the Jack
sonian sea.

It is likely that they were Incorporated Into

sediments near the place they lived.

The broken shell frag

ments and the striated, etched or pitted surface textures of
some of the foraminifera tests, indicate transportation of
these fossil fragments before deposition.
Numerous varlgated glauconite grains are present In the
Jacksonian sediments.
the quartz grains.

In a few samples they are dominant over

The dark olive-green glauconite grains are

very resistent in the acid treatment and disintegration pro
cess In the analyses.

The light olive-green spongy variety,

and other kinds of Incipient glauconite, however, are rather
weak and break or dissolve easily In solution.

(The inci

pient glauconite is referred to those grains which are partly
glauconite and partly clay with some mica flakes.
lonite Is the chief constituent of the clay.

Montmoril-

Both biotite
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and raontmorillonit© have lower indices of refraction than
glauconite.)

Only part of the incipient glauconite grains

can survive the acid treatment and disintegration process
of the grain-size analysis.

The glauconite grains included

in the grain-size analysis are considered just as important
as quartz grains for the discussion of size frequency dis
tribution of the sediments, because they have been transported and hence they are clastic materials.
C.

Sand, Silt, and clay content

The clastic materials of the samples are firstly sub
divided into three fractions of sand, silt, and clay.

The

proportions are plotted on triangular coordinate paper (see
figures 1-3) for discussion of the clastic composition of
these sediments.

The Jacksonian sediments considered in

this paper crop out in eastern Texas, Louisiana, Mississippi
and western Alabama for about seven hundred miles approxi
mately parallel to the strand line of the Mississippi embayment.

The variations in both local and regional environ

ments of deposition as well as the source of supply of the
clastic materials are complex In such a wide area.

Therefor®,

difference in size frequency distribution of the sediments is
a natural consequence.

Samples of th® middle Oaddell forma

tion from Wellborn, Brazos County, Texas (Fig. 1) are com
posed mainly of sand and silt, which vary in proportion al
ternately through the columnar section, although the’top and
bottom parts of the section contain more silt.

The amount of
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clay in all the samples is about the same.

Samples from

Madison County, Texas (Fig. 1), which is directly northeast
of Brazos County, Texas, are comparatively coarser than
those from Brazos County.

They are rather well-sorted sedi

ments and have size frequency distribution similar to the
samples of Brazos County.

Only very fine sand fraction is

dominant in the samples of Madison County.

The Louisiana

samples from the top to th© bottom of the Jacksonian section,
show a

predominance of silt fraction.

Bven the Moody’s

Branch sediments do not differ greatly from other formations
in size frequency distribution.

Sediments of the Jackson

group in Louisiana have been described as difficult to sub
divide.

The similarity of the size frequency distribution

of the sediments In general is an important reason for the'
similar appearance of the sediments at th© outcrops.

The

present grain-size analysis does not provide any additional
data for the subdivision of th© Jacksonian sediments in
Louisiana.

This difficulty in Louisiana is not present in

the Jacksonian sediments of Mississippi.

Figure Z shows

clearly that the sediments of the Jacksonian time exposed at
Yazoo city and Jackson, Mississippi can be subdivided roughly
into two distince formations.
clayey.

On© is sandy and the other

The Moody’s Branch formation belongs to the former

and the Yazoo formation to the latter.

Th© glauconite con

tent in the Moody’s Branch is as much as 40 per cent.
usually less than quartz, except in a few samples where

It is
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T ig. 1 Triangular coordinate diagram showing
the percentages of sand, silt, and clay fraction
of samples from Texas and Louisiana.
glauconite grains are greatly concentrated.

Glauconite is

present also in the Yazoo formation, and varies in quantities
up to about fifteen per cent.

Most of the glauconite grains

are included in the size frequency analyses of the sediments.
If these grains are excluded, there should still be sandy
and clayey sediments, although the median of the sample would
be shifted to the side of fine grade.

The insoluble glauco

nite In the Yazoo formation is mostly incipient and spongy and
is easily broken into small irregular grains in the grain-size
analysis.

Thus, the glauconite in the Yazoo formation in

creases the proportion of the silt fraction.

Smaples of the
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Fig. S. Percentages of sand, sill!, and clay frac
tions of samples from western Mississippi and size
frequency distribution of the same samples when
not treated with acid. A decrease of sand percent
age from sample B-16 to sample R-*l is interpreted
as the decfease in grain size of the Jacksonian
sediments associated with transgression of the
Jacksonian sea.
Yazoo formation plot out near the clay-corner of the trian
gular coordinate diagram in figure 2, and samples of the
Moody’s Branch plot near the sand-corner of the same dia
gram.
Samples from eastern Mississippi and western Alabama
generally have a high calcareous content, except for the
Cocoa sand and some portions of the Moody’s Branch forma
tion.

Their size frequency distribution is irregular; the

percentages of sand, silt, and clay fraction are variable.
,'Xt

flrt
X
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,

%

For example, samples from the Paohuta member occur near the
sand-, silt-, and clay-corner of the triangular coordinate
diagram in figure 3.
D.

Grain size and transgression

Jacksonian sediments were deposited during the trans
gression of the Jackson sea, whioh means a relative rising
of sea level and landward shifting of the strand line of
the Jackson sea.

In general, landward shifting of the strand

line causes landward shifting of the littoral and epineritic
zones of deposition.

Thus, younger and finer beds are superior

posed on older ones.

The grain-size analyses excellently sup

port this theory.

In figure 2, sample R-18 is from the re

worked bed between Claiborne and Jackson.

This reworked bed

is muddy and has a high percentage of carbonaceous material.
Its median for clastic materials is about .02mm.
larger than .50-mm are present.

Sample R-17 is from the

greensand member of the Moody’s Branch formation.
lected about 1.5-ft above the reworked bed.
and has a median of .132-ram.

Few grains

It was col

It is well sorted

The change in median from sample

R-18 to sample R-17 Is rather abrupt.

Equivalent samples

from Little Stave Creek, Alabama show the same characteristic
in the change of median.

For example, median of the Lisbon

sample 94 Is about .013-aim, whereas sample 93, which was col
lected only 1.5-ft above the Lisbon sample 94 has a median of
about .255 mm (figure 9).
a local variation.

It is a regional change rather than

This should indicate the regression or the
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Fig, 3. Triangular coordinate diagram showing
the sand, silt, and clay fractions of samples
from eastern Mississippi and western Alabama«
retreat of the Claiborne sea just before the beginning of the
Jacksonian time.

The reworked sediments of the ’’Transition

bed* of Jackson, Mississippi are regarded as representing the
end of the Claiborne time and are mixed with some coarse
sands of the Moody’s Branch formation.

Along the strand line

of the transgressing Jacksonian sea, glauoonite was formed
and marine organisms developed.

The coarser materials were

brought in from rather local sources.

About 10-ft of the

greensand member was laid down in Mississippi and western
Alabama under this condition with only slight rise in sea
level;

later the Jackson sea advanced landward faster with

slight oscillations.

The Yazoo formation formed as the sea
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advanced landward.

Samples R-16, R-14, R-lfc, R-ll, R-10,

R-9, R-8, R-7, R-6, R-4, R-3, R-3, and B-l in figure £ show
a gradual decrease In the sand percentage of the sediments
from the base of the Moody’s Branch formation up into the
Yazoo formation.

The median of sample R-16 ie «163™mm; the

median decreases to about .004-mm in sample R-4 in the lower
Yazoo formation.
E.

Fossil fragments as clastic grains

The effect of fossil fragments on the size frequency
distribution of Jacksonian sediments is illustrated in
figure 2.

Samples from Jackson, Mississippi are taken as

examples.

The samples which have apostrophe marks after

the number are analyzed without acid treatment;

the same

samples which have no apostrophe marks after their number
are analyzed with acid treatment.

The effect of the acid

treatment upon the coarse sediment is rather small.
stance, sample R-17* and R-17;
R-14;

H-16’ and R-l6 ;

For in

R-14’ and

R-18* and R-12 are all coarse sediments, and all are

presented near the sand-corner of the diagram.

In other

words, the general size frequency distribution of the Moodys
Branch greensand can be determined with or without the in
clusion of the fossil fragments which amount to about 30 per
cent.

On the other hand, the effect of the acid treatment

upon the finer sediments is considerable.

For Instance,

samples Y-l, Y-2, Y-3, R-l, R-S, R-3, and R-4 are presented
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in the clay-corner of the diagram, whereas the same samples
without acid treatment occur on the central part of the dia
gram.

The concentration of foraminifersl tests in the sed

iments is the major cause of this variation, since most foraminiferal tests are about the size of fine sand or coarse
silt.

Without acid treatment, the frequency of fine sand

or coarse silt in the sediments is large because of the
presence of foraminiferal tests.

After acid treatment, the

fine sand and coarse silt grade of the sediments is greatly
decreased and the relative percentage of clay fraction be
comes greater.

Consequently, xine location of the samples

plotted on the diagram shifts from the central part of the
diagram to the clay-oorner of the diagram.
The change of median of the coarse and finer sediments
with and without acid treatment is also conspicuous.

The

average median of the coarse sediments mentioned above is
about .163-mm for the samples without acid treatment, and
.158-mm for those with acid treatment.

In the finer sedi

ments mentioned above, the average median is about .OBl-mm
for the samples without acid treatment, and .002-mm for the
same samples with acid treatment.
F.

Size frequency distribution

Beside the regional change In environment of deposition,
the looal variation in environment is the main cause of the
diverse and complex llthological change of the sediments.
The relationship between the size frequency distribution and
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the environment of deposition of the Jacksonian sediments
la discussed.

The grain-size characteristics of modern,

sediments are taken for c o m p a r i s o n . ^

The results of

the grain-size analysis are plotted on arithmetic proba
bility paper, which was first used by Doeglss for the in
terpretation of size frequency distribution of sediments.,
Two groups of samples from Brazos County and Madison
County, Texas, which are shown in the arithmetic probability
paper in figures 4 and 5 respectively, have rather similar
size frequency distribution.

A very small amount of coarse

grains above .125-mm grade Is present in most samples.
mean grade is .125-mm to about .060-mm.

The

The curves at the

coarse end are flat, and bend upward after passing the grade
of G .125-aim;

these then flatten toward the right at .06-ram

until they reach the grade of very fine silt (.008-mm} or
d a y (.004-mm).

The range of size for these two groups of

samples is about the same.

In general, the coarse~tails®1

of the curves are flat and the fine-tailsl of the curves are
steep.

The fine-tails of the curves for the samples from

59 Doeglas, B.J., "Interpretation of the results
of mechanical analysis," Jour. Sedimentary
Petrology, Vol. 7, No. 1, pp. 19-40, April, 1946.
Krutnbein, W.C., and Aberdeen, Ester, "The sedi
ments of Barataria Bay," Jour. Sedimentary
Petrology, Vol. 7, No. 1, pp. 3-17, April, 1946.
®1 Coarse-tail refers to the short segment of the
curve at the end of coarse grade, and fine-tail
refers to the end of the fine grad©.
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Fig. 5. Cumulative weight-peroentage curves of
samples from Brazos County, Texas.
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Srasog County are longer than those from Madison County,,
The coefficient of sorting of the sediments is influenced
by the presence of clay in the sediments.

In comparison,

the Madison County samples contain about 5 per cent clay,
whereas the Brazos County samples contain about SO per cent.
Their coefficients of sorting are closer to one.

The main

difference between these two groups of sediments is in their
clay content.

Perfectly sorted sediments should show steep

straight lines on the arithmetic probability paper.

The

samples from Madison County are rather well-sorted, since
their curves do not deviate much from a straight line be
tween their fine end and coarse end of the curves.

On the

other hand, the curves for the samples from Brazos County
deviate considerably from a straight line and indicate that
they are not so well sorted as are the samples from Madison
County.

All the samples represent tidal flat sediments

near or along the strand line at the west end of the Missis
sippi embayment.

The well sorted sediments are probably the

result of winnowing action by tidal currents and waves upon
the poorly sorted tidal flat sediments.
as re-worked tidal flat deposit®.

They are considered

The finer fraction in the

tidal flat sediments is carried farther gulfward and form
pro-deltaic deposits, which contain more clay than the tidal
flat sediments.

Local variation In size frequency distribu

tion is clearly shown by samples 54 and 55 (Fig. 5), which
are located only five feet apart within the same bed.

Sample
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54 has a total of about 68 per oent very fine to fine sanfl;
sample 55 has about 44 per oent sand, and about SO per cent
more clay.

Th© Jacksonian sediments of Brazos County and

Madison County are essentially the same, so far as their
total size frequency distribution and source of supply are
concerned.
Differentiation of sediments:

Clastic sediments can be

regarded as admixture of sand, silt, and clay of various pro
portion.

On the other hand, the sediments can be differen

tiated into its various sand, silt, and clay fractions.

Th®

similarity of sediments can be shown by comparing the various
fractions of the sediments.

In general, the formation of th©

Jacksonian sediments complies with the theory of differentia
tion of sediments.

For instance, samples 69 and 71 of

Madison County, and samples 53 and 50 of Brazos County can
be taken as examples to illustrate that the sediments of
Brazos County and Madison County are derived from, the same
origin, although their size frequency distribution are not
exactly the same.
portions:

Each of the samples is divided into two

the "S-portion** between .185-mm and .06S-mm grade,

and the "T-portion^ between .Q62-mm and *00-mm grade.

Each

differentiated portion is recalculated into 100 per cent of
the cumulative-welght percentage, and is plotted in dashedcurve on the arithmetic probability paper in figure 4.
bers 69-S,

71-8,

53-S,

Num

and 50-S denote the S-portions of

the samples 69, 71, 53, and 50 respectively, whereas numbers
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69-T,

71-T,

53-T,

and 50-T denote the T-portions.

dashed-ourves of ©9-S,

71-S,

The

53-S, and 50-S are practically

the same, although with small variation-

This suggests a

rather Qotnmon S-portion for the samples of both Brazos County
and Madison County.

The dashed-curves of ©9-T,

71-TP

53-T,

and 50-T all bend to the right at the .051-mm. grade, and then
bend upward at .015-ram grade.

The percentage of silt and

clay content varies about 40 per cent relatively;

however,

this kind of variation might be caused by the removal of clay
from the samples of Madison County, or by the admixture of
more clay in the Brazos samples.

In general, the T-portion

of the samples can be considered that all the samples from
Madison and Brazos County are composed mainly of two similar
portions, S- and T-portion, whose characteristics are shown
by their respective dashed-ourves in figure 4.

Occasional

addition of coarse clastic materials to the sediments creates
the ooarse-tails of the curves which represent the size fre
quency distribution of the sediments on the arithmetic pro
bability paper.

Thus, it is believed that the sediments of

both Madison and Brazos County were derived from the same
suspension.
Louisiana samples have high silt frequency.

The curves

in figure 6 are clearly different from those of Texas sedi
ments.

Most of these curves have rather coarse-tails, but

bend upward gradually to the cumulative frequency of 85 per
cent.

This kind of material can easily be transported in
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Fig. 6 Cumulative weight-percentage curves
of Louisiana samples.
suspension-

The predominance of silt in the sediments sug

gests that they were deposited in shallow marine water not
far from coast.
farther gulfward.

The suspension load was apparently carried
The average clay content of the samples is

about 15 per cent and is considered to be relatively low.

It

indicates that the bulk of clay material in suspension was
differentiated as it was transported gulfward, and deposited
in a site of deep water, whereas coarse materials in the sus
pension, such as the silt of the Louisiana samples lag behind.
The variation of size frequency distribution of the Jacksonian
sediments of Louisiana is generally small, as compared with
the Jacksonian sediments of adjacent areas.
Samples from western Mississippi show distinctly two
types of sediments (Fig. 7).

The size frequency distribu

tion of the sediments from the Yazoo formation (Y-l-3) and
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Fig. 7. Cumulative weight-percentage curves
of samples from westers Mississippi.
the Moodys Branch marl member (R-l-6) is similar except that
a little amount of sand is found In the latter, and almost
no sand is present in the Yazoo formation samples.

Clay con

tent of both the Yazoo formation and the Moodys Branch Marl
member approximates 85 per cent.

The high-clay content im

plies a rather deep outer-neritic sea or a very quiet water
environment of deposition.

The sediments of the Marl member

are similar to those of the mudlumps at the mouths of the
Mississippi.

The sediments of the mudlumps contain about

85 per oent of materials finer than .Ol-mm, in which 60 per
cent is clay.®**

However, this does not imply that the

Mudlumps Information from Mr. J. P. Morgan of
Louisiana State University.
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environment of deposition of the marl member sediments was
similar to the environment under which the sediments of the
mudlumps formed*
Sediments of the Yazoo formation and the Moodys Branch
marl member are entirely different from the modern sediments
of Barataria Bay** Sediments of the Moodys Branch greensand
member (R-8-17) are predominantly sandy.

They have short

clay-tails which amount to about 15 per oent for the clay
fraction shown in figure 7, and are comparable to type II
sediments of Barataria Bay.

Thus, they resemble sediments

which are deposited mainly in the principal channels within
the main bay, where currents are pronounced but not strong.
Admixed clay in the sand from a suspension Is typical for
this kind of sediment.
Without acid treatment In the grain-size analysis, the
samples of western Mississippi also show two types of sedi
ments when plotted on the arithmetic probability paper In
figure 8.

The curves show high content of silt because of

the concentration of foramlniferal tests in the sediments.
Relatively, the fine-tails of clay are shorter, and the
ooarse-tails are practically the same as those which have
acid treatment In the grain-size analyses (Fig. 7).

Both

groups of samples with and without acid treatment present
similar characteristics of their curves plotted on the
arithmetic probability paper.

They all bend slightly upward

at the .25-mm grade, and then bend toward right at the grade
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Fig. 8. Cumulative weight-peroentage curves o f sai
pies from western Mississippi. These samples are
not treated with acid in the grain-size analysis.
of .125-mm.

Their fine-tails are somewhat different.

The

fine-tails of the samples without acid treatment bend smoothly
upward at .031-mm grade, whereas those of samples with acid
treatment bend rather sharply upward at .016-mm grade.

In

general, both groups of samples (Yazoo and Moodys Branch)
show variations in their size frequency distribution, but
In different ways.

However, the results show that the size

frequency distribution of clastic sediments with fossil
fragments can be Interpretated without considering the fos
sil fragments.
In central and eastern Mississippi apd In western Ala
bama, the Moodys Branch formation crops out In many places
without much conspicuous change in lithology.

The Yazoo for

mation, however, becomes diverse and can be subdivided into
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four members (North Creek, Cocoa, Paohuta, Shubuta).

The

Yazoo formation finally changes into Ocala limestone east
of Alabama "River.
Samples of Moodys Branch greensand member and Gosport
have similar size frequency distribution (Fig* 9).

They all

contain grains larger than 1-mm and have an average median of
about .£65-mm.

Their percentage of clay fraction ranges from

15 per cent to less than one per cent.

On the arithmetic

probability paper the plotted curves bend slightly upward on
the .£5-mm grade, and then bend to the right on the grade of
.125-mm to .062-mm.
steeply upward.

The fin®~tails are short and all bend

All these curves deviate only slightly from

a straight lihe.

They are rather similar to the Moodys Branch

greensand samples from western Mississippi except for longer
coarse-tails.

The size frequency distribution of both the

Gosport and the Moodys Branch greensand samples resemble
dune, beach, or even river channel deposits.
Samples of the North Creek: and Cocoa members are pre
sented in figure 10.

The curves of the North Creek samples

show a predominance of silt in the sediments.

The coarse-

tails are rather short and range up to about five per cent of
coarser material above .14-mm grade.

The cumulative weight-

percent age rises rapidly from .14-mm to •015-mm grade.
fine-tails constitute about BO per cent clay.

The

Samples 89,

90, and 87 bend upward on successive grades from their coarsetails to their fine-tails.

Samples 77 and 88 show little

G O SPO ftT
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Fig. 9. Cumulative weight-peroentage curves of
samples from Moodys Branch greensaad and Gosport fm.
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Fig. 10. Cumulative weight-peroentag© curves of
samples from North Creek and Cocoa members of Yazoo
fm.
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'difference from the rest of the samples.

Their curves bend

slightly to the right on the .0 6E -ram grade.

A gradual in

crease of fine sand and silt from bottom (sample 67) to top
(sample 77) of the North Greek member is indicated by the
curves.

The curves of the Cocoa sand are different from

those of the North Creek*

All the curves bend slightly

either upward or to the right on the .25-mm grade*
bend rather strongly to the right on .125-mm. grade.
tails indicate about 10 per oent of clay*

They all
The fine-

Sample 76 is a

very clean and well-sorted sand (Bo s 1.13),

It was proba

bly deposited on a beach in the zone of breakers, where the
sea water has reworked or winnowed the sand continuously.
Other samples of the Cocoa member contain more clay and cal
careous materials.

They were probably deposited laterally

away from the zone of breakers along the beach, or in the
lee of a barrier beach where there was no wave action or pro
nounced currents.

The channels and sand flats Inside a bay

could also be the site for deposition of sediments like the
Cocoa member whose extent Is about fifty miles along strike
and twenty miles downdip.

The varying content of clay and

calcareous material suggests that part of the Cocoa member
was deposited underwater near shore.

The whole picture can

not be deduced until more samples from tfe# subsurface and
outcrop are collected and studied.

The coarse-tail of sam

ple 78 Is very much similar to that of sample 73
definitely from Cocoa member.

which is

The fine-tail of sample 78 is

similar to that of North Greek samples, although this sample
has more fine sand fraction.

This indicates that the sedi

ments of the Coooa member can be formed by adding sand frac
tion to the sediments of North Creek member. (Sample 78 can
be included in Pachuta member and is discussed later.)
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Pig. 11. Cumulative weight-percenteg© curves of
samples from Shubuta and Pachuta member.
Samples of the Pachuta and Shubuta members are presented
in figure 11.

The curves of the Pachuta samples are rather

flat in the coarse portion, and bend slightly to the right at
the grade of .25-mm.

After passing the grade of .062-mmt the

curves begin to bend slightly upward, and then bend strongly
upward at the grade of .015-mm.

The percentage of clay in

these samples varies from about 5 to 94 per cent.

Samples

84 and 85 from western Alabama are generally rich in clay, and
those from eastern Mississippi are rich in silt or sand.

Also
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the olay content increases from bottom {sample 73) to top
(sample 83) of the Pachuta member in eastern Mississippi.
Sample 78, which was discussed before along with samples
from Cocoa member, Is plotted in figure 11, in order to show
that it can also be included in the Pachuta member.

Sample

73 of Cocoa member Is also plotted her® for comparison.

Sam

ples 79 and 100 are from the Shubuta member and are entirely
different from those of the Pachuta member.

They resemble

sediments of the deeper part of the neritio zone, where
silts and clay a re the predominant clastic materials.
G-.

Calcareous content

The sediments above the Cocoa member in eastern Missis
sippi and western Alabama have an average calcareous content
of about 75 per cent.

The supply of calcareous material to

the Jacksonian sediments from either local or distant sources
was apparently about the same as in the modern Oulf of Mexico.
The calcareous content of the Jacksonian sediments is shown in
figures 12 and 13.

Texas samples contain about five per cent

calcareous material in average, except sample 61, which con
tains about 65 per oent.

This particular sample is from a

thin fosslliferoua limy lens in clastic sediments.

The cal

careous content of Louisiana samples is very irregular and
varies from a few per oent to about 68 per oent.

The calca

reous content of the samples from Mississippi and Alabama could
be used as an aid in subdividing the Jacksonian sediments into
members, although some samples can b® assigned to either one

of two successive members.

These particular samples are

connected with the samples of successive members by dashed
line in figure 13.

For instancef sample 77 could be as

signed to either the North Greek member or the Goooa mera.be
so it is connected with samples 90 and BE by dashed-line.
On the basis of calcareous content, sample 77 could be as
signed to the Cocoa member.

On the other hand, it could b

assigned to North Greek member on the basis of sise fre
quency distribution (figure 10).

Sample® of Pachuta are

generally rich in calcareous material.

There is no way to

differentiate Pachuta and Shubuta members on the basis of
their calcareous material content, so far as the present
data is concerned.

It is possible that the Shubuta member

u.

Fig.
Calcareous content of samples from Texas
and Louisiana.
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thins out toward east, and the Pachuta member blends into
Ocala limestone east of Alabama River, Alabama.

The Pachu

ta member has been regarded as a tongue extended from the
Ocala limestone westward into western Alabama and eastern
Mississippi.
It is remarkable that both the sample R-18 of the re
worked sediments ("Transition bed"), Jackson, Mississippi,
and sample 94 of Lisbon (Gockfieldt) from Little Stave
Creek, Alabama contain about 11 per cent of calcareous ma
terial.

The calcareous content of Cosport and Moodys Branch

greensand samples is about the same.

The Moodys Branch green-

sand sample
(97, 98, 99) from eastern Mississippi contain
«
high concentration of glauconite and quartz grains, therefore,
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Fig. 14. Gradual change of calcareous content of samspes from Moodys Branch formation. Samples In diagram are
arranged in successive order from top (H-l) to bottom (R-17)
of Moodys Branch formation, Jackson, Mississippi. Samples
Y— 1 , Y^*S■, and Y-3, from the Yazoo formation, Yazoo City,
Mississippi are Included for comparison.
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their calcareous content is relatively low.
The samples of Moodys Branch marl and greensand mem
bers from Jackson, Mississippi show gradational increase
of calcareous content from the bottom (sample R-17) of the
greensand member to the middle (sample R-3) of the marl
member, and then a decrease from the middle of the marl mem
ber to the Yazoo formation (Fig. 14).

The crest of the

dashed curve in figure 14 represents the samples of the marl
member, which contains more calcareous material than both the
underlying greensand member and the overlying Yazoo forma
tion.

This gradational increase of calcareous material from

sample R-17 to sample R-3 is consistent with the gradational
decrease of sand content and increase of clay of the same
series of samples (Fig. 7).

Foraminiferal tests are the

chief calcareous constituent of the marl member, whereas
maorofossil fragments are predominant in the Moodys Branch
greensand.

The sediment of the marl member is more durable

and resistant to erosion and weathering than the Yazoo for
mation or the Moodys Branch greensand, because the high con
tent of fine-grained calcareous material In the marl member
acts as a better binding or cementing agent.

Fig. 26 shows

the profile of the Jacksonian sediment© of Jackson, Missis
sippi.

This profile indicates the nature of the Moodys

Branch marl and greensand members as to erosion and weather
ing.
The quantity of foraminiferal tests increased and
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became available to be incorporated into the Jacksonian sed
iments when the strand line shifted landward, or the sea
water beoame deeper.

However, variation in calcareous con

tent is normal, since intermittent oscillation of the sea
level is expected to have occurred during the transgression
of the Jackson sea.

The evidence presented in figure 14

suggests a relative scarcity of foraminifera in the shallow
water and a greater profusion of them in the deeper water
of the Jackson sea.

The change from relative scarcity to

profusion is not abrupt but rather gradational along the
gentle-slope of the continental shelf. (The continental
shelf mentioned here means the same as the neritic zone,
which ranges from mean low water level to about 100 fathoms.)
Most foraminifera are benthonic forms, crawing or attached
on the surface of muds or ooaes on the sea bottom.
can hardly be transported when they are living.

They

Their dead

tests can easily be carried away by current, and locally
the calcareous content of sediments is enriched by the trans
ported foraminiferal tests.

Thus, it is conduced that the

relative abundance of calcareous material in sediments can
be used as Indicator for the site of deposition;

whether

it is in deep water or a site under relatively shallow
water far away from the strand line.

HEAVY MINERALS
A*

Laboratory method

Edelman’s method, which is used exclusively in the
N. V. de Bataafscha Petroleum Maatschappij laboratory by
Doeglas,^ is followed In this study.

Minor modifica

tions of the procedure of preparing heavy mineral slides
are added, because most of the Jackson group sediments
are poorly coherent.
1.

The procedure 1st

Sample preparation:
(1)

The sample is studied masorosoopically with

the aid of hand lens and dilute HC1.

Crain size dis

tribution and the calcareous content of the samples
are estimated.
(3)

The sample Is crushed sufficiently on a

steel plate with a hammer to break up the lumps, but
not the Individual grains.
(3)

A certain amount of sample is measured with

a 50-ml beaker and transferred into a tall 1,OOO-ml
beaker.

The amount for different samples is judged

Doeglas, L.J., "The importance of heavy minera
analysis for regional sedimentary petrology,"
Nat. Research Council, Rept. Committee on Sedi
mentation, 1939—1940, pp. 103—131•
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6©
according to the estimation in step 1:

50-ml for

ooarse or very coarse sand-dominating sample;
for medium to fine sand-dominating sample;
silt-dominating sample;

100-ml for

200 ml for

and 400-ml for clay or calca

reous material—dominating sample.
(4)

Water is added to the tall beaker and the sam

ple is agitated vigorously and thoroughly.

The super

natant suspension is removed by decantatton one minute
after the agitation.

This process is repeated several

times until the major proportion of clayey material in
the sample is removed.
(5) 25$ HC1 is added into the tall beaker, in order
to (a) disintegrate the remaining lumps of sample in
beaker;

(b) dissolve all calcareous materials;

and

(o) remove iron oxide stain from the mineral grains.
Adequate acid is added slowly until no more efferves
cence can be observed.

The tall beaker is placed on a

hot plate to facilitate the reaction by acid.
(6) The tall beaker is filled with water;
ple is agitated violently;

the sam

after one minute the super

natant suspension in the beaker is decanted.
(7) 50$ HNOg is added to the tall beaker to remove
all iron sulphide from the sample.

The beaker is again

placed on hot plate in order to facilitate the acid
reaction.
(8) Again the tall beaker is filled with water and
the sample is agitated vigorously.

The supernatant

6?
suspension is decanted fro© the beaker*

Because most

of the clayey material has been removed by previous
decantatioa, the waiting period after the agitation
is reduced to 25 seconds;

this is long enough for

particles larger than .04-mm in diameter» and with a
minimum specific density of 2*90, to settle 15 centi
meters to the bottom of the tall beaker at a room tem
perature of about 20°0.

This time interval is calcu

lated according to Stokes law.

Heavy-mineral grains

smaller than .04-mm in diameter are too small for
accurate identification;

they are removed from the

tall beaker during deoantation.

This step is con

tinued until no supernatant suspension remains in the
water B5 seconds after the agitation.
(9)
II.

The sample is dried in oven overnight*

Separation of light and heavy fractions;
(10) A special funnel is filled with bromoform.

This special funnel has a stop-cook, and steeper wall
than an ordinary funnel with an apex angle of about
40 degrees*

(The ordinary funnel has an apex angle of

about 60 degrees)

Commercial bromoform usually contains

various proportions of alcohol.

This kind of bromoform

is washed with distilled water to remove the mixed
alcohol and to increase the specific density of bromoform up to about 3.84, which is suitable *or the separa
tion purpose.
funnel -

The dried sample is transferred into the
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(11)

The sample is stirred gently in bromoform.

The mineral grains of heavy fraction tend to settle
to the short stem between the stop-eoek and the apex
of the special funnel.

They are removed from the

special funnel by opening the stop-cook.

This step

is repeated until no more heavy-miaeral grains are
visible near the apex portion of the special funnel.
(IB)

The heavy fraction removed from the special

funnel in step 11 are received on a filter-paper cone
in an ordinary funnel.
(13)

The heavy fraction is removed with the filter-

paper cone from the ordinary funnel.

It is rinsed with

alcohol to clean all attached bromoform from the grains
and then dried In the oven.
(14)

Another filter-paper cone is placed in the

same ordinary funnel.

The light fraction of the sample

in the bromoform is stirred violently.

The stop-eoek

is opened and all the bromoform with the light fraction
Is drained onto a fllter-paper cone in an ordinary
funnel.
(15)

The light fraction is dried and preserved for

study.
III.

Preparation of heavy-mineral slide:
(16)

The dried heavy fraction In step 13 is divided

into parts by an Otto microsplitter if this fraction is
too much for one slide.

Excessive parts are preserved
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for identification of minerals by the immersion method.
(17)

Canada balsam is oooked on. a slide on an

electric hot plate.

The temperature of this hot plate

is adjusted to about 1S0°C.

When a string can be drawn

from the Canada, balsam, the heavy-mineral grains are
scattered into the Canada balsam, and dispersed with
a small needle.

Then a cover glass is placed on the

slide gently by letting one edge of the cover glass
touch the slide first and the opposite edge is lowered
slowly onto the slide.
(18)

Excess Canada balsam is removed by xylene

and alcohol from along the edge of the cover glass on the
slide.
IT.

Study of heavy-mineral slides
(19)

The method of line counting designed by

Sdelman is followed.

The detailed procedure of this

method was described by Boeglas.®^
B.

History and Branches of Study

When Dick33 wrote the first paper concerning th© Investi
gation of heavy minerals of sediments In 1887, a new field of
research of sediments was established.

Numerous papers con

cerning the heavy minerals in sediments have since appeared

Doeglas, D.J., ££. clt.
33 Dick, A., "Bagshot sand of Hampstead Heath,"
Nature, Vol. 36» 1887, p. 91.
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Fig. 15.
The set up of special funnels on
funnel support for the separation of heavy frac
tion from the sample by using bromoform. Note
IS samples can be worked simultaneously. Spe
cial funnel support is designed by Doeglas.

?1
in publications *

The complex and ever-changing heavy-

mineral assemblage in sediments has stimulated research
on the subject to a wide extent *

The significance of the

presence of heavy minerals in sediments was readily recog
nized and the practical application of such study was
claimed.

Briefly speaking, the history of the study of

heavy minerals in sediments can be divided into three
stages up to the present time.

The first stage, which

aiight be called the stage of revelation, lasted from 188?
to the beginning of World War I.

During this stage, the

study of heavy minerals was rather slow and was limited to
descriptive work with occasional publication*

The heavy

fraction in sediments was considered an important consti
tuent. The importance and potential application of the
study was advocated by pioneer geologists. The second stage
might be called the stage of culmination. It lasted from the
beginning of World War I to the end of World War II. During
this stage, the study of heavy minerals was greatly facili
tated by (I) the necessity of utilizing sediments as natural
resources during and after Wrrld War I, and (3) the fast de
veloping petroleum industry, which extended financial support
for such research. The heavy minerals in the sediments were
used as markers for stratigraphio correlation,especially in
sub-surface geology. Throughout this stage of painstaking
study on heavy minerals for practical purposes,results were
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not so impressive,

Eventually, the oil companies withdrew

their financial support for any further study.

Thus, the

third stage of downfall began in recent years.

An exten

sive, although not exhaustive, search of English literature
published since 1887 regarding the heavy minerals In sedi
ments has been made by the writer.

A statistical presenta

tion of the number of publications against the time of pub
lication as shown in figure 16 reveals clearly the duration
of these three stages.
were infrequent;

Publications during the first stage

reaching the maximum around 1953, but

since 1943, studies have declined continually.

Pig. 16. Showing the three stages of activity for
the study on heavy minerals in sediments ever since
1887.
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Generally speaking, studies of heavy minerals in
sediments oan be subdivided into five branches:
(1)

Mineralogy,

(E)

Provenance of sediments based on heavy min
erals ,

(3)

Regional distribution of heavy minerals - pro
vincial variation (provincial alteration of
Doeglas),

(4)

Stratisgraphioal distribution of heavy minerala
st rat igraphieal variation (provincial suc
cession of Boeglas),

(5)

Method used for the heavy-mineral study chance variation, granular variation*

The mineralogy of heavy minerals deals with the iden
tification, description, and authigenesia of the heavymineral grains in sediments-

These grains, except authi-

genic ones, are stable mineral constituents in sedimentary
rocks.

Their mode of occurrence is the total consequence

of their origin and the process of transportation.
of the grains have frosted or dull surfaces.

Some

Their shape,

color and mother physical properties are important for their
identification under the microscope.

Their optical proper

ties, whenever available, oan always be the decisive fac
tors for identification.

The optical properties of heavy

minerals mounted on slides usually appear differently as
compared with the same kind of mineral in an ordinary rock
thin-section, because the thickness of the heavy-mineral
grains is variable, whereas those in the rook thin-section
have uniform thickness of *03—mm.

Thus, the thickness of
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the grain must he kept In mind when Investigating the op
tical properties of grains.

After the various heavy-

mineral grains In a sample are determined, the frequency
of distribution of each mineral is calculated Into percent
age and Incorporated as a heavy-mineral suite or assembl
age.
The sediments contain various proportions of clastic
components In which about one or less than one per cent is
heavy-mineral fraction.

This small fraction of heavy min

erals Is derived from igneous rooks, metamorphic rooks, or
sedimentary rocks of older age.

Comparison of the heavy-

mineral assemblage of the sediments with the mineralogical
content of the rocks exposed on the possible source terrane
would likely lead to the solution of the provenance of the
sediments concerned.

In other words, this heavy-mineral

assemblage conveys the information regarding the provenance
of the sediments.

This kind of study can also solfe the

problem of the paleogeography of the time when the sediments
were deposited.
There are variations in regional distribution of the
heavy-mineral assemblage In sediments.

These variations

are basic factors for the division of sedimentary petrolo
gical provinces.

Doeglas has presented this problem in de

tail after his thorough study on the East Java Tertiary
sediments.

He emphasizes the point that near the source

pure heavy-mineral assemblages occur and that farther inside
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the basis of deposition, "mixed assemblage" consisting of
heavy minerals from different provinces prevails.

The in-

terfinhering distribution of heavy-ralneral assemblages be
tween adjacent provinces is common.

The sedimentary pe

trological province has been defined as a natural unit of
sediments which have certain geographical distribution,
age, and origin.
When the time-planes are used to separate the accumu
lated beds of sediments into stratigraphic units, one might
expect the change of heavy-mineral assemblage from one unit
to the other.

This change is denoted as the stratigraphical

variation of heavy-mineral assemblage throughout the strati
fied sediments concerned.

This variation is caused mainly

by the changing of source of supply in different geologic
time, and mineral 2ones can be recognised to denote the
stratigraphic variation.

For instance, four heavy-mineral

zones are recognized in the East Java Tertiary sediments by
Doeglas.®4

!vans$s and his colleagues have correlated the

stratigraphic section of upper Assam, India, very success
fully on the basis of heavy-mineral analysis.

Two columnar

sections only 17 miles apart in upper Assam are correlated.
The Barall series, Surma series, Tipam sandstone, and the

64 Doeglas, P.J., op. olt.
65 Evans, P., Hayman, B.J., Majeed, M.A., "The gra
phical representation of heavy-mineral analysis,"
World Petrol. Congress, Proceedings, Vol. 1,
pp. 351-6,

1933.
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topmost O-irujan olay are nicely correlated according to
their heavy-mineral assemblages.

An unconformity between

Barail series and Surma series i® reflected by a rather
abrupt change in heavy-mineral assemblage.

A fault in the

Naga hills which caused the repetition of Barail series
on top of Tipam series oan be recognised according to the
vertical succession of heavy-mineral assemblage.

The dif

ference between provincial variation and stratigraphioal
variation is based on the interpretation placed upon the
change of mineral assemblage in different provinces of one
geologic time and the change of mineral assemblage in suc
cessive stratigraphic units of successive geologic time.
These two kinds of variations relate to each other, and
are usually discussed together.
Variation of the heavy-mineral assemblage is also re
lated to the size frequency distribution of the sediments.
For instance, in fine-grained sediments, zircon is usually
dominant.

This Is due to the fact that the original size

of zircon is usually small, and these small ziroons can be
transported along with fine-grained clastic materials. This
variation is called the granular variation.
The proper method for the study of heavy-minerals has
long been a matter of controversy.
proposed and employed for the study.

Different methods were
However, controversy

arises when the accuracy of the result of the method is
challenged.

It seems no satisfactory method has yet been
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found and agreed upon by all the interested parties.

Boe-

glas states that the doubt existing in the minds of many
sedimentary petrologists concerning the method and interpre
tation of heavy-mineral work is not justified, since Edelman*s method of study can be used satisfactorily.

Neverthe

less, irretrievable inconsistence in conclusion regarding
the heavy-mineral zones is found among contemporaneous
workers.

C o g e n ^ concluded in his study of heavy-minerals

of the Gulf Coast sediments that five mineral zones were
recognized and these zones usually transect the boundaries
of formations and faunal horizons.

This conclusion about

the heavy-mineral zones of the Oulf Coast sediments is dif
ferent from that reached by Doeglas regarding the heavymineral zones of the upper Tertiary sediments of East CTava,
where the mineral zones are usually parallel to stratigraphic
zones based on other correlation methods.

However, an oral

communication with Br. Boeglas reveals that the heavy-mineral
zones of the lower Tertiary sediments of East Java usually
transect stratigraphic boundaries, or faunal zones.
The present study of heavy minerals of the Jackson
group verified the practicability of Edslman’s method for
statistical study of heavy-mineral assemblage in sediments.
Without doubt widely persistent formations of simple

66 Cogen, W " H e a v y - m i n e r a l zones of Louisiana
and Texas- Gulf Coast sediments,” Bull. Amer.
Asso• Petro. Geol., Vol. 24, No. 12 (Pec. 1940},
pp. 2069—2101•
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lithology oan be correlated on the basis of their heavymineral assemblage;

However, the feasibility of correlation

by heavy-mineral assemblages in the Jackson group is somewhat
conjectural and doubtful.
0.

The details are discussed below,
Mineralogy

Sixteen kinds of non-opaque heavy minerals from the
Eocene Jackson group sediments were found and identified.
They are:
Zircon.

Euhedral, prismatic forms are common.

Irregu

larly shaped and rather rounded grains,are also common. M&ny
grains have a dirty appearance, due to numerous Inclusions.
Colorless and pink varieties are most common.
are mauve.

A few grains

No green and purple zircons are found.

pleoohroism is common in colored varieties.

Faint

This pleochro-

ism is easily seen when the condenser is inserted in the
microscope.

Very high relief, strong birefringence, length

fast, and parallel extinction are major diagnostic features.
Some irregularly shaped grains do partially reflect light
under crossed nicols, which can be mistaken for incomplete
extinction due to dispersion.
might be mistaken for titanite.

Thus, some of these grains
However, comparison with

other unmistakable zircon or titanite oan easily eliminate
such error.
Kvanite.

Bladed forms (mostly parallel to 1100)) are

frequent with pinacoidal cleavage and basal parting nearly
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at right angles.

Colorless and blue varieties are common *

Some grains are blue at one end and colorless at the other.
White and dirty grains are present.

Most grains are angu

lar, but grains with rounded edges are common.

These

rounded grains usually show less cleavage or parting than
the angular grains.

Dispersion is very faint to moderate.

Under crossed nicols, an extinction bar flashes across the
grain when the stage of the microscope is rotated,
small-, fragments of kyanite, sitting on (or nearly on) the
(010) face, show interference color with a birefringence
of about .016 {*"-°< ) and parallel extinction (or very
slightly inclined extinction) which can be mistaken easily
for straight extinction.

These optical characters are

about the same as silllmanlte.

Thus, these kyanite grains

oan be easily mistaken for sillimanite.

Careful searching

for cleavage or basal parting with the high power objec
tive can reduce this mistake to a minimum, but a small per
centage of unavoidable error is to be expected.
Tourmaline.

Strong pleoohroism is the most distin

guishing critetion for identification.

The prismatic stria-

tion and basal parting can be mistaken for cleavage.

A

dark variety standing on the slide with its c-axis normal
to the slide can be mistaken for an opaque mineral.
terference figure oan nullify this possible mistake.

An in
Color

ranges from pink, yellow, green, brown to almost black.
Titanite.

Some titanite in the sample is similar to

zircon, but shows higher birefringence and very strong dis
persion*
common.

Colorless and yellowish to brownish varieties are
Biamond or prismatic shapes are common, although

a great many grains show irregular shape© in a similar
fashion to the zircon*
Rutlle.
mon.

Prismatic or rather rounded grains are com

Some grains have short knee-shaped twinning which

can be recognized easily under crossed nicols.

In reflected

light, rutlle shows red or deep-brown color, and in trans
mitted light it is either nearly opaque or brown.
verse strations are present on some grains.

Trans

Monazite might

be mistaken for rutlle, but this mistake can be considered
a negligible factor because monazite is very sparse in the
Jackson group sediments, if present at all.
Staurolite.

The easiest heavy mineral of the Jackson

sediments to identify under the microscope is staurolite.
Its straw-yellow color, marked pleochroism, low birefrin
gence, etched surface structure, and conchoidal fracture
are good diagnostic features.

In some Instances certain

dark-colored staurolite might be identified as light-colored
rutlle.

However, these two minerals can be differentiated

easily by their Interference color.
Silllmanite.

Most grains are clean and colorless.

gitudinal striation and fibrous structure are common.
striations appear slightly oblique to each other.
grains show longitudinal "splitting" structure.
tions are better seen under reflected light,

Lon
The

A few
The stria

oillimanite
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grains usually are flat on (010) cleavage and elongate
along c-axis.

Thus, it is difficult to obtain a good in

terference figure from a grain mounted on a slide, because
the optical plane of sillimanite is parallel to the slide.
Grains show zigzag ends which are roughly normal to the
s-axis.

Fibrous structure creates numerous minute ridges

on the grains.

Thus, the thickness of the grains is rather

uneven and rugged.

Therefore, no interference color appears

as rings, but rugged and discontinuous brilliant color of
1st to middle 3rd order.
for kyanite.

Small grains might be mistaken

A careful search for basal parting and com

parison of interference color can eliminate this mistake
(see Kyanite).
Garnet.
found.

Colorless, pink and green varieties are

No effort has been made to differentiate spinel

from garnet.

Spinel is believed to be present but rare in

the Jackson sediments.

It can not be differentiated from

garnet on the heavy-mineral slide, although immersion
method can be used to identify loose Individual spinel
grains *
Andalusite.
present.

Only a few grains of this mineral are

It resembles barite under the microscope, but

barite has a very hackly or rugged shape and a dirty appear
ance.

The optical angle of barite is smaller (36-37J0 ).
Soidote.

The angular to subrounded varieties are com

mon in these samples.

The color is pale greenish-yellow to

BZ

lemon-yellow.

Pleoohroism Is faint but distinct.

Birefrin

gence is moderate and the ringed interference color Is al
ways brilliant and distinct.
Hornblende.
ples.

A few grains are found in the Jackson sam

All of these grains belong to common varieties, and

no basaltic variety has been found.
Bintit®.

Only small amounts which survived the acid

treatment and deoantation are present in the samples.

Ha

loes are present in most of the blotite flakes.
Chlorite.

A few grains are present in some samples.

Some chlorite is removed by acid treatment and deoantation.
It is not an important heavy mineral in the present study.
Brookite.

Only two grains were definitely identified

In nearly two hundred slides.

It might be present in larger

proportions, but unfavorable orientation and shape appear
a n c e on the slides probably result in its identification as
rutlle.

Doubtful grains are usually included in rutlle.

Anataae.

This mineral Is very rare in the Jacksonian

sediments.
Barite.

Most are authigenic.
B.

Very few are clastic.

Provincial variations

Variations in the source of supply of heavy-mineral
grains results directly in different petrological provinces
in sediments.

The interfingering of heavy-mineral zones is

common between adjacent petrological provinces.

Whenever the

supply Is derived from more than one source, a mixed heavy-
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mineral assemblage results.

This inference is true and can

be illustrated by the heavy-mineral distribution of the
Jacksonian sediments.
The titanite content averages about 20 per cent in
Texas samples (Fig. 17).

It decreases to an average of

about 8 per cent in Louisiana samples (Fig. 18}

Samples

from Mississippi and •western Alabama (Fig. 19-22} show less
than 5 per cent titanite.

The supply of clastic material to

the western part of the Jackson sea was richer in titanite
than the eastern part.

The North Greek samples from eastern

Mississippi and western Alabama have a little more titanite
than other samples from the same localities (see figure 20)
This can be taken as basis to Infer the granular variation,
because the average median of the North Greek samples is
small (Fig. 10) and titanite usually occurs as small crys
tals or broken grains.

The titanite percentage of the

North Creek samples is only slightly higher than other
coarser samples of the same localities.

Thus, the lack of

titanite is one of the characteristics of the eastern
province.

The abundance of titanite is characteristic in

the western province.
Staurolite and kyanite are generally more abundant in
samples from Mississippi and Alabama than those from Texas
or Louisiana.

The opaque grains are checked for the presence

of magnetite and leucoxene.

It is found that magnetite is

rare or wanting in samples from Mississippi or western Ala
bama, whereas about one fifth of the total opaque grains
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in samples from Texas is magnetite.

leucoxene is present

in numerous samples, but its incomplete alteration makes
accurate identification and counting impossible*

Epidote

is present in Texas samples and more abundant in samples
from Mississippi and western Alabama*
only in Texas samples.

Barite is present

It is an authigenic mineral in

these sediments, formed under the post-depositional environ
ment;

therefore, it seems to have little if any signifi

cance in the Interpretation of provincial variation of the
heavy-mineral assemblage in sediments*

It occurs in sedi

ments Just like gypsum, which Is usually abundant in numer
ous localities of the Jackson group sediments.

Only few

grains of barite are believed to be clastic, based on the
roundness of these grains.
Based on the relative abundance of the heavy minerals,
the Jackson group sediments oan be divided Into two sedi
mentary provinces;

the province of Mississippi and wes

tern Alabama to the east which is characterized by th©
abundance of kyanite, staurolite, and epidote;

the province

of Texas to the west which Is characterized by the abundance
of zircon, titanite, and magnetite.

Magnetite is almost

entirely absent in the eastern province, whereas ilmenite
is abundant.

The mixed assemblage of heavy minerals is

expected between these two provinces, although It Is not
clearly established by the available data.

Comparison has

been made with the sedimentary petrological provinces of
recent sediments of the northern Gulf of Mexico,

Sedi

ments along the east part of the northern Gulf of Mexico
are generally rich in kynite and staurolite;

in this

fashion they are quite similar to Jackson sediments In the
same area.

Xn the western part of the northern Gulf of

Mexico, the recent sediments are rich In both common and
basaltic varieties of pyroxene and amphibole, whereas
pyroxene and amphibole are rare or wanting in the Jackson
sediments of the same area.

(This refers only to the lower

and middle portion of Jackson group in Texas, because no
samples from the upper portion of Jackson group In Texas
are available.)

According to Gogen®7 no considerable

amount of hornblende appears in the Tertiary sediments
until Miocene Oakville.
g.

Stratigraphical variations

The frequency of distribution of heavy minerals In
sediments throughout the stratigraphic section of Jackson
group is presented in figure £3.

This figure shows that

the heavy-mineral assemblage remains practically the same
through-out the entire section in Texas, Louisiana, Missis
sippi, and western Alabama.

It should be noted that the

Texas samples represent only a small segment of the total
Jackson group in Texas, whereas the samples from Louisiana,

Cogen, W. M., o p » Qit.9 p. £093.

Fig, 25,
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Mississippi, and Alabama represent fairly complete sections
in their respective areas.

This study indicates that stra

tigraphies variation of the heavy-mineral assemblage in the
Jackson group is almost negligible.

In other words, the

sources of heavy minerals of the Jacksonian sediments were
practically the same.
F.

Granular variations

The granular variation of the heavy-mineral assemblage
of the Jackson sediments Is the result of the difference of
grain-size distribution of the sediments.

The zircon propor

tion of the heavy fraction reflects the difference In size
frequency distribution of the Jackson group sediments from
Texas samples to western Alabama.

The average zircon per

centage of Texas samples is about 40 as shown in figure 17.
In Louisiana samples, the average zircon percentage is about
50.

There are other factors that can affect the variation

of the distribution of zircon.

However, the decrease in

grain size from the Texas samples to Louisiana samples must
be the prime cause.

Figures 4 and 5 show that the average

median of Texas samples Is about .09-mm, and figure 6 shows
that the average median of Louisiana samples Is about .OS-mm.
The Cocoa, Moodys and Gosport samples all show low content
of zircon (about SO per oent).

Figures 7 and 10 indicate

that the average median of Cocoa samples and Moodys samples
are .SO—mm and .16—mm respectively.

The average zircon con

tent of North Creek samples is about 45 per cent as shown in
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figure 20, whereas the average median of the same samples
is about .04-ram as shown in figure 10.

The Pachuta sam

ples, although containing only ©bout 20 per cent clastic
materials, have about 20 per cent of zircon.

The average

median of the Pachuta samples is about .16-mra as shown in
figure 11.

The small percentage of zircon in one sample

does not reflect that the total amount of zircon in the
same sample is small.
means of comparison.

The percentage is only used as a
Should the total amount of zircon in

a sample remain the same while adding various amount© of
other heavy minerals into this sample, the resultant per
centage of zircon in this sample is relatively lowered.
G.

Application

Figures 17 through 22 show the percentages of all
heavy minerals in samples from different units of the Jack
son group.

Samples of Shubuta member are not included be

cause these samples contain

too

few heavy-mineral grains.

The curves of different samples from any one unit are about
the same with some slight deviation.

There is a slight dis

crepancy between the curves of one member and those of
another member.

For instance, the curves of the Gosport and

Moodys Branch (greensand) samples show a high content of
staurolite, but show little epidote, whereas the curves of
Cocoa (sand) samples show small amounts of staurolite and
higher percentages of garnet.

This discrepancy can be

neglected because of the many possible causes of variations
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{provincial, granular, stratigraphies!, and chance varia
tion).

Thus, it is concluded that within the Jackson

group, heavy-minera! assemblages can not be used practi
cally for the differentiation of stratigraphic units.
The rarity of pyroxene and amphlbole in this group is no
ticeable.

However, a similar condition exists in the un

derlying Claiborne and overlying Vicksburg groups.

A few

common amphibole grains are recognised in the Jackson
samples.

Both the Vicksburg and Claiborne group are rich

in kyanite and staurolite.
Claiborne,6®

Wilcox,6®

Silllmanite is present in

and Vicksburg sediments.

Thus,

it is clear that heavy-mineral analysis cannot be used to
differentiate the Jackson group from its overlying or
underlying sediments.

Epidote averages about 1 per cent in

Jackson samples of Texas.

It increases to about 6 per cent

in samples of Mississippi and Alabama.
zone” of Cogen69

The "lower epidote

Is characterized by a titanite-rich assert

blage which can be traced Into the base of the Jackson of
Texas.

Because of the presence of epidote In the samples

of the present study, the upper boundary of Cogen*s "lower
epidote zone" can be raised from the base to the middle
portion of the Jackson group In Texas.

Thus, this zone

6® Grim, H.E., The Eocene Sediments of Mississippi:
Mlssl Geol. Surv., Bull. 30, 1936*
69 Cogen, W.M.,

op. eifc., Eig* 4, p. 2078, 2095.
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extends fairly well above the present boundary of the Yegua
and Jackson of Texas.

The upper boundary of this "lower

epidote zone" Is not quite suitable as the approximate
boundary between Yegua and Jackson in Texas.

The top of the

"lower epidote zone" of Louisiana, Mississippi and Alabama
has not been well defined.

However, the presence of epi

dote throughout the Jackson sediments in these areas is sig
nificant.

If the "lower epidote zone" Is extended east

ward in Mississippi and Alabama to include all the Jackson
sediments which contain epidote, the top of the "lower
epidote zone” In these areas concerned is certainly as high
as the upper boundary of the Jackson group.

NOTES ON G03F0KT SAND
Conrad^O

and Lea7*** were the first to pay attention

to the fossiliferous sediments from the bluff at Claiborne,
Alabama.

In 1847, Conrad72 named the "fosail-shell" sedi

ments the "Claiborne sands," and designated a type local
ity near Claiborne, Alabama;
or older Eocene."

he plaoed it in the "lower

Later In 1855, Conrad73

divided the

"older Eocene" into 3*ackson group above and Claiborne group
below, and the "Claiborne sands" was assigned as the topmost
Claiborne.

In 19C7, Smlth7^

changed the name "Claiborne

sands" to Gosport greensand," after Gosport landing on the
Alabama river in Clarke County, four miles below Claiborne,

70 Conrad, T.A.,
"Fossil shells of the Tertiary for
mations of North America," 1832-1835.
71 Lea, Isaac,

Contribution to geology:

pp. 1-203,

ie 3 3 .
72 Conrad, T.A.,
"Observations on the Eocene formation,
and description of one hundred and five new fossils
of that period, from the vicinity of Vicksburg, Miss."
Acad. Nat. Sci. Philadelphia, Proc. (for 1847), Vol.
3, pp. 257-8.
73 Conrad, T.A., "Observations on the Eocene deposit of
lackson, Mississippi* with descriptions of thirtyfour new species of shells and corals," Acad. Nat.
Sol. Philadelphia, Proc. (1855), Vol. 7, p. 257.
74 Smith, E.A.,

The underground water resources of

Alabama, Alabama Geol.- Survey, 1907, p. 18, 19.
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94
where this sand was considered to be typically exposed.
1939, Cooke75

In

recommended the elimination of the name Gos

port and the name Moodys Marl be extended into Alabama to
include the Gosport, because of the similarity and contin
uity of lifchology between Moodys and Gosport.
The result of grain-size analysis and mineral study of
limited number of samples of Gosport, Moodys Branch greensand, and the underlying Oookfleld Is shown in Table I.

In

western Mississippi, the Oockfield sample examined is from
the transition bed",7^

a reworked bed or zone77

at the

top of the Oockfield that contains borings filled with Jack
son type material.

Discussion of this results is as follows:

The median shows that the Gosport and the Moodys Branch
greensaad are very coarse-grained.

The sorting coefficient

of the Gosport and Moodys Branch greensand samples are simi
lar, although there is a small deviation.

Their average

skewness differs only by .09, whereas their average calcareous
percentage differs about six per cent.

At some localities the

calcareous percentage of Gosport sample is enhanced by the

75 Gooke, C.V,'. , "Equivalen e@ of the Gosport sand to
the Moodys Marl," Jour. Paleontology, Vol. 13,
No. 3, pp. 337-40, 1939.
7$ Nomenclature after 6th field trip guidebook, Missis
sippi Geological Society, June, 1948.
77 Oral communication from Prof. Murray of Louisiana
State University.
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presence of large quantities of Perlarchas shells in the
sample.

One single shell of Ferlarohus in the sample for

grain-size analysis can enhance the calcareous percentage
of this sample a few per cent*

In general, however, the

calcareous percentage of Gosport samples and Moodys Branch
greensand sample is comparable,

(Sample 98 of Moodys

Branch greensand of ©asters Mississippi contains only about
3 per cent calcareous material, because of its high content
of glauconite and quartz,}

The similarity of size frequency

distribution of the Gosport and moodys Branch greensand sam
ples is illustrated in figures 7 and 9*

However, small

Table I.
Member or
formation

Number of
Sample

Median
(Md)

91{MSJ~33)
92(jHSJ-34)
93(M8e-35)
94(MSI-3?)

,365-mm
•399-mai
.251-&m
.342-mm

1.32
1.35
1.58
1.36

.60
1.06
X .07
.82

(Average)

.339-mm

1.40

.93

99(MSJ-11)
11(R-12)
12(R-14)
13(R-16)
14(R-X7)

.167-mm
•173-ram
,153-mm
.145-mm
.132 «-mni

1.58
1.39
1.38
1.33
1.47

.78
.79
.89
.97
«79

23.72
34.40
36.95
26.01
27.03

(Average}

.154-mm.

1.43

.84

29,58

Lisbon
(Alabama)

94(MSJ-36)

•014-mm

2.36

.71

11.61

Cockfield
(Miss.)

15(R-18)

.024-mm

5.04

.75

11.06

Gosport
sand

Moodys
Branch
green™
sand

SoSk(Trask)
V&3/3L1 Q,3Q1/Md^

Calcareous
Percentage
41,98
35.95
31.12
34.83
..

--

variations are always to be expected because of local changes
in environment-

The re»worked bed sample IS and the Lisbon
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sample 94, which were collected only 1*5’ below sample 95
of Gosport and 14 of Moodys Branch greensand respectively»
show quite different size frequency distribution (Figures
7 and 9} from those of Gosport and Moodys Branch greensand*
The sorting coefficient of the reworked bed sample (15)
is oiueh greater than that of Lisbon sample 94, because some
coarse Moodys materials are integrated in the boring© or
cracks of the re-worked bed*

It seems that there Is simi

larity or continuity of lifcbology between Gosport and
Moodys, based on this petrographic study*

ROCK TYPES OF JACKSONIAN SEDIMENTS
A.

General discussion

The Jacksonian sediments are composed of varigated and
hybrid types of sediments.

One type of sediment is usually

persistent in a limited area, and grades Into other type
both laterally and vertically in the stratigraphic sequence.
The sediments of the Moodys Branch formation have been des
cribed as persistent over a large area.

However, local

variations of the lithology of this formation is not uncom
mon.

Most of the Jackson sediments are unconsolidated or

friable, and only a small portion is rather consolidated„
The degree of consolidation varies not only in the sediments
of different members, but also in the sediments of the same
member.

The bedding planes of the Jacksonian sediments are

usually poorly defined because of the {!) unconsolidated
character of the sediments, and (2) gradational nature of
lithology.

Some lens-shaped sediments, interbedded in various

parts of the Jacksonian sediments, are generally formed by
(1) local cementation of the sediments, and (2) abrupt change
of lithology.

The consolidated, lens-shaped sediments are

well seen at the outcrops, because they protrude from the
surrounding sediments at the outcrops.

Based on the compo

nents of sand and silt, clay, and calcareous material, the
97
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<^aokson sediments are tentatively classified into several
rook types as shown in figure 24.

In this figuret the

total percentage of silt and sand of the sample is plotted
on the ordinate, and the percentage of clay and calcareous
material is plotted on the abscissa.

The total percentage

of clay and calcareous material of the sample la recalcu
lated into a total of 100 per cent.

Marl, chalk, and oo-

quinoid greensand are the important types and described in
detail below.
B.
1.

Definition:

Marl

The usage of the term marl can be

traced as far back as the time of the Homans.

The term

Marl was used to denote a hybrid sediment of carbonate of
lime and clay of variable proportions, and of different de
grees of compactness and friability.

Marl was used to fat

ten land of sandy soils and to increase the compactness and
capacity of the loose sandy soil for retaining moisture.
In general, the term marl is somewhat loosely applied to
sediments which are calcareous and unconsolidated, irrespec
tive of the percentage of the calcareous material or clay
content of the sediments.
loam is called marl.

Sometimes calcareous clay or

Some people call a fine-grained soft

sediment marl, if it effervesces vigorously In dilute KOI.
A similar sediment is called calcareous clay when it effer
vesces rather slowly In dilute HH1„
Moodys

The sediments of the

Branch formation have been called marl.

At the
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present time, only the sediments of the upper portion of
the Moodys Branch formation are called marl, whereas the
lower portion is regarded as greensand.
Milner7®

defined marl as a calcareous clay devoid of

consolidation and lamination and characterized by a cer
tain degree of plasticity when moist•

Usually a light col

ored rock is implied, but this Is not invariable.

Marl

is usually homogeneous in superficial characters, but lacks
obvious bedding and seldom has any striking external struc
tures.

Marl Is classified as a hybrid caloareo-argilla-

oeous rock which Is of both mechanical and organic origin.
Pettijohn7^ classified marl as a most common mixed
type of shale, consisting of a semi-friable mixture of clay
materials and lime carbonate (rarely dolomite).

Indurated

sediment of like composition he classes as marlstone or
marlite.

’’Normally marls contain 25 to 75 per cent clay.

Rocks richer in clay may better be called calcareous clay
or shale, whereas rocks having less than 25 per cent are
argillaceous limestone.”
Correns®^

(PettiJohn, p. 286).

states that marl is a calcareous clay, and

is a mixed sediment of clay and biological carbonate of
lime (35-65#).

*fbe silt and sand fractions of the sediments

79 Pettijohn, F.J., Sedimentary rocks"
Brothers, 1949, p. 286-287.

Harper and

®^ Correns, C. W., Barth, T.F.W., Eskola> P., Die
Bntstehung der Gesteine: Berlin, 1959.
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are neglected, and only the clay and calcareous fractions
are considered in the mixed sediment of marl.

He classified

the mixed sediments of clay and calcareous material into
several rock types;
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Calcareous content of marl *

The calcareous con

tent of the sediments which have been called marl varies
from less than one to about 90 per cent*

Table XX shows

the percentage of carbonate of lime of various marl.
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lia b le

tt

No.

% Ca C03

Locality

1
a
3
4
5

80.0
88.2
42.9
59 •6
82.8
74.9
19.3
92.9
2.5
1.5
.6
•4
13.9
88.8
91.2

Missa, India
Madhurmau, Ind ia
Lackhi Khera, India
Banglabazzar, India
Kasimpur Birwa, India
Akbarpur Bainiganj, India
Butler Co., Ohio
Miami, Ohio
Middlesex Co., N.J.
Middlesex Co., N.J.
Burlington Co., N.J.
Glareester Co., N.J.
Marlboro, N.J.
Sussex Co., N.J.
Sussex Co.. N.J.

6

7
8
9
10
11
12
13
14
15

Reference:
No. 1-6:

Remarks
"Marl*
»t
n
tt
tf

"Marine Marlston
"Marl*
"Greenssnd marl"
t»
Tt
It
It

"Shell marl"
st

Puri, H.S.,
"On the marl deposits of Luchow,
Bara Banke, TTnao and Rae Bareli Districts in
the United Provinces and possibilities of
cement manufacture," Quart. Jour. Geol. Min.
and Metal Society of India, Vol. 20, No. 2, 1948.
(The CaC03 percentage is recalculated from the
percentage of CaO.)

No.

7:

Ohio Geol. Survey Bull. 42, p. 114.

No.

8:

Ohio Geol. Survey 4th ser., Bull. 42, p. 431,
1941.

No.9-15:
3.

Cook, G.H. , Geology of New Jersey:
480.

Suggested definition of marl:

pp. 414-

It seems that the ex

isting meaning of marl is defined differently by different
authors.

It is rather ambiguous to call all poorly consoli

dated calcareous sediments marl.
so used.

The term marl Is frequently

It should convey a rather definite meaning to jus

tify its frequent usage.

In other words, marl should be used

to denote a sediment of rather definite lithology.
Gralnsize analysis shows that "marl** of the Jackson

sediisejatg contains various proportion of silt and sand, clay,
and calcareous material.

Thus, it seem® practical to define

marl on the basis of all these components, namely, sand and
silt, clay and calcareous material.

Therefore, marl here is

defined as a hybrid sediment of clastic materials and calca
reous materials (mostly organic).

The total percentage of

sand and silt of marl is below 30 per cent.

The calcareous

materials range from 25 to 75 per cent, and th© clay frac
tion ranges from 75 to 25 per cent.

(Note, the total percent

age of calcareous material and clay of the grain sample is
recalculated into a total of 100 per cent.)

Marl is poorly

consolidated, or devoid of consolidation and other visible
structure, such as bedding, lamination, and joints.

It

possesses at least a limited degree of plasticity when moist.
The color of marl varies from dark to dirty gray.
solidated equivalent of marl Is marlstone.

The con

For practical

purpose, marl can be identified in the field as a soft dirty
colored sediment which effervescences rather vigorously in
dilute HC1 (20$), and is plaotic like clay when moist.

Fig

ure 24 shows the samples of the Jacksonian sediments which can
be called marl.

According to this definition, this figure

demonstrates that only the sediment of the Moodys Branch
marl member is properly classified as rasrl.
C.
X.

Definitions

Chalk

Chalk Is defined as a soft, friable

variety of limestone which possesses a peculiar white color.
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It

i3 composed chiefly of the remains of pelagic organisms.

Partly it is composed of chemical precipitate of lime carbo
nate, but mixed mechanically with sand, silt, and some sili
ca in the form of flint.

Usually silioification is exten

sively developed in chalk,

the calcareous ©xoskeltons of

pelagic organisms are often replaced by silica and hence lost.
The word chalk was derived from calx (Latin), which means
lime.

It was first used to denote the Cretaceous limestone of

the British Isles and North-West Europe.
Milner defined chalk as an exceeding pure form of lime
stone varying from soft, almost incoherent material to com
pact, hard rock.

Whit©, yellow to gray are the common

colors of chalk.
2.

Chalk of Jacksonian sediments;
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The Fachuta member

of the Jacksonian sediments is composed ohiefly of chalk.
Generally the color is light yellow, due to the finely dis
seminated iron oxides.

Ocherous yellow iron oxide occurs

along the contact between the shell fragments and the matrix
of the rock, or in the fissures.
manganese oxide are common.

Dirty or black patches of

Silicifioation is absent*

Glau

conite grains are present, and sometimes are locally concen
trated.

The presence of glauconite lends a greenish tint to

the chalk.

Magnetite, rock fragments, and some of the glau

conite grains give the rock a mottled appearance.

;4acro—

fossils and mierofossils are generally well preserved*

In

small specimens, the bedding Is poorly De f i n e d or Indistin
guishable.

However, the bedding of the formation as a whole
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seen at the outcrop because classy beds are usually
interbedded with the rather consolidated beds of chalk.
Chalk is distinguished from marl by its (l) higher content
of calcareous material,

{2) friable characteristic, and

(3) the peculiar yellowish or whitish color,

A chalk can

be called marly when this chalk becomes rather plastic like
Glay when moist.

Xn other words ? marly chalk contains more

clay than ordinary chalk.
chalk is below 30 per cent.

The silt and sand content of
When the silt and sand fraction

exceeds 30 per cent, the chalk is regarded as arenaceous
chalk.

The shell fragments are not regarded as clastic

grains in the definition of chalk.
P.

Coquinoid greensand

The lower part of the Moodys Branch formation is com
posed chiefly of sand of quartz, glauconite, and shell frag
ments.

Quartz and glauconite usually are major constituents.

When shell fragments are abundant, the sediment is coquinoid.
Thus, the sediment of the lower part of the Moodys Branch
formation might as well be called coquinoid greensand.
coquinoid greensan6 is structureless.
are in random orientation.
trated.

This

The shell fragments

Locally, glauconite is concen

In eastern Mississippi, the greensand is rather

well-cemented by fine-grained calcareous materials, and occa
sionally by calcareous chemical precipitates (recrystallized
calcite).

This rather indurated greensand has a whitish

color and hence resembles chalk.

SUMMARY AND CONCLUSION
I.

The sediments which are now classified as the Jack

son group were first investigated in Mississippi by Conrad
in 1S45 as part of his observations on the Eocene formation
of the United States*

The name Jackson., however, was first

used by Wailes in 1854.

The term ”Jackson group” was ap

plied by Conrad in 1855 in reference to the assemblage of
shells at Jackson, Mississippi.

Hilgard in I860, first

used the term for a definite sequence of sediments.
£.

The size frequency distribution of the sediments is

the total result of confluence of clastic materials and en
vironments of deposition.

The grain-size analysis of the

limited but representative number of samples of the Jackson
sediments of Mississippi, Texas, Louisiana, and western
Alabama suggests the environment of deposition of the sedi
ments in respective areas.

The samples from both Madison

and Brazos County, Texas resemble to the present day tidalflat sediments near or along the strand line in the western
portion of the Mississippi embayment.
3.

Clastic sediments can be regarded as admixtures of

sand, silt, and clay of varying proportions.

On the other

hand, the sediments can be differentiated Into their various
10'6
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Sana, slit, and olay components;

this differentiation is

well illustrated hy samples from Brazos and Madison County,
Texas.
4.

The Louisiana samples have high silt content.

The

predominance of silt in the sediments suggests that they
were deposited in shallow water not far from coast.

The

average olay content of the Louisiana samples is about 15
per cent and is considered relatively low.

It Indicates

that the bulk of clay material in suspension was differentia
ted as It was transported gulfward, and was deposited in deep
or still water;

whereas coarse materials in the suspension,

such as silt or sand, lag behind.

The variation in size fre

quency distribution of the Jackson sediments of Louisiana is
generally small, as compared with the Jackson sediments of
adjacent areas.
5.

The transgression of the Jacksonian sea is well

reflected by the gradational decrease In grain size of the
sediments from bottom to top of the Moodys Branch formation.
The Moodys Branch greensand resembles the channel sediments
of the Barataria Bay, so far as the grain-size frequency
distribution is concerned.

The Moodys Branch marl resembles

the mudlumps at the mouth of the Mississippi.

The grain-

size distribution can be used to separate the sediments of
different members of the Yazoo formation of Mississippi and
western Alabama.
6.

The calcareous content of the samples from Missis

sippi an<1 Alabama could also be used in subdividing the

108
Jackson sediments into formations or members, although some
samples can be assigned to either one of two successive
members.

The gradational Increase of calcareous content of

the sediments from bottom to top of the Moodys Branch for
mation is consistent with the gradational decrease of grainsize of the same sediments.

It is believed that the rela

tive abundance of calcareous material in sediments can be
used as an environmental indicator for the site of deposi
tion, whether it is in deep water or in relatively shallow
water far away from the strand line.
7.

Historically, study of heavy minerals In sediments

is divided Into three stages up to the present time:

(1)

stage of revelation, (2) stage of culmination, and (3) stage
of downfall.

A continuous decline In the study of heavy

minerals at the present time is noticed.

However, the sig

nificance of the presence of heavy minerals in sediments is
still readily recognized.

16 non-opaque minerals are iden

tified in the Jacksonian sediments.

The provincial varia

tion of the heavy-mineral assemblage is well recognized.
Two sedimentary provinces are distinguished:

(1} the pro

vince of Mississippi and western Alabama to the east is
characterized by the abundance of kyanite, staurolite, and
epidote;

and (2) the province of Texas to the west Is

characterized by the abundance of zircon, titanite, and
magnetite.

Magnetite is almost absent in the eastern pro

vince, whereas ilmenite is abundant.

A mixed assemblage of
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heavy minerals is to he expected between these two provinces,
although it is not clearly established by the data available.
The stratigraphioal variations of the heavy-minersl assem
blage in the Jacksonian sediments are almost negligible.
The granular variation of the heavy-mineral assemblage is
well shown when the size frequency distribution of the sedi
ments is considered-

These studies indicate that the heavy-

mineral assemblage can not be used practically in the dif
ferentiation of stratigraphio units of the Jacksonian sedi
ments.

Nevertheless, the "lower epidote zone” of Cogen is

recognized to include the "middle Caddell" of Texas.

It is

believed that the use of the upper boundary of the "lower
epidote zone" to separate Yegua and Jackson of Texas is
impractical.
8.

The stratigraphio position of the Gosport sand has

long been a matter of controversy.

The present petrographic

study indicates that there is similarity or continuity of
lithology between Moodys and Gosport.

However, the equiva

lence of Moodys and Gosport can not be established on the
basis of lithologic characteristics alone.

Paleontological

and field evidences should be considered before any conclu
sion can be reached.
9.

The Jacksonian sediments are tentatively classi

fied into several rook types based.on three components*
clay, silt and sand, and calcareous content.

Marl, chalk,

and coquinoid greensand are especially discussed and defined.
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According to this tentative classification, only the sedi
ments of the Yazoo formation of Yazoo, Mississippi, and the
Moodys Branch marl member are called marl.

The Moodys Branch

greensand is renamed Moodys Branch coquinoid greensand*

The

sediments of the Pachuta member which have been regarded as
marl, are here regarded as chalk*
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4.92

9.39 26.40 88.16

GMT-6-11,

n

.23
.23

1.50 3.91 13.73 18.43
5.78 39.99 7.29 13.58

7.34
8.44

9.60 45.32 10.91
8.89 15.93 64.65

GMT-6-14,
GMT-6-16,

3.56

9.22 22.84 15.53 14.57

7.60

6.63 20.02 11.53

GMT-6-173

«

7.16 11.22 17.43 10.19

9.98 38.61 10.96

GMT-6-18,

I T

.18

60.
61.
62.

.08

.91

63.
64.

.09

65.

.02

6

.

0

1

.

0

1

6

.

4.54

.60 71.81 19.71

n
if

2.10

1.85

2.19

.81

.81

3.02

GMT-9-1, "McElroy"

2.52 21.73 62.62 3.66
2.69 27. n 61.12 " 5.12

3.60
1.05

2.76
1792

2.28
.48

.72
.40

3.09
1.82

GMT-9-5,

1.25

1.67

6.79

OMT-9-10,

* 1

1

I f

m

7.75 77.75

8.80

1

.16

.62 11.48 60.55

7.51

5.46

4.80

3.50

5.85

8.13

GMT-9-11

n

69.

.47

2.50

1.08

2.40

1.76

1.36

4.56

QMT-9-13,

n

.

70.
71.

.03
.32 5.50 16.18 17.41 14.50
.02 “T T S f 33.19 i z M
3.17 2.51
38

ff

5.15

GMT-9-14,
GMT-9

8.18

MSJ-13, Cocoa

67.
6

8

.

0

.49

3

2

0

.

3

0

70.31

1

1

3

0

1

2.64

3.08

1

4.01 52.35

“

1

6

j

.21

.21

7.19

.25

MSJ-20, Cocoa

.32

.12

.12

.18 12.61

.53

MS3-21,

74.

,,.10 19.73 64.61

6.67

75.

.10 34.41 50,95

1.48

1

.

.31

.91

2

6

1.05

3.98

.

.

9.77 36.42
1.50 "1.85

.60

77.01

1

1

40

.78

1

1

2.78

3.69

.52

.

1.76

11.51 74.31

72.
73.

.

•

.

2

1

"

MSJ-15* Pachuta

TZT

59.

," O a d M r *

.87 64.58 34.35

77.

.11

78.

.35 10.11 55.75

7.47

79 *

•84

•44

.41

.84

6.87 44 •©0 30.55

3.86 38.01 36.37 3.33
.83 35.95 88.41 ' i . W

80.
81 .

«tb

.68

M
8.83

.13
1.65

7.68

6.66

4.64

.40

3.78

4.96 16.49 60.75

mt-zs,

Cocoa
Cocoa
MS7-27, at North Creek
MSJ-31, Pachuta

8.77 13.75 11.90 23.79 52.20 @5.62

MSJ-5,

3.31

3.64

4.21

8.26 12.11 59.42
23.il 65'.55

MSJ-8.

1.51 51.75

3771 "T75T—

7SW

4.22

Shubuta

Pachuta
w 1 |J
Pachuta or
MSJ-22,
Cocoa

82.

.68 19.74 17.41

5.27

1.34

.18

2.14

83.

.67

.89

1.36

*78

.39

.39

1.78 93.70 91.55

MSJ-23, Pachuta

1.74 15.43 18.69

7.75

.45

1.38

2.41

5.16 52.99 58.30

MSJ-29,

84.

.50

85.
86.

5.75
.34

5.17 4.55 1.60 1.14 2.28 6.15 78.99 78.49
.6$ A.Hi IS »62 83.10 18.06 12,68 27,86 6.12
.81

2.11 13.57 18,47 80.13 14.11 31.45 40.50

87.

.06

88.

.19

8.51 36.21 11.81

89.

.53

8.31

w

n
asj-30.
MSj-10, Bentonite in
Pachuta
5U3J-4, North Creek

«

9.66 15.51 37.40

MSJ-17,

3.76 £3.88 20.01 13.94 £9.92 17,80

MSJ-28,

90 *
91.

.39 4.78 12.48 34.30 23.36 14.06 20.25 21.85 81.85
1.15 19.58 53To D 15.19 4 • as
.84 1.52 41.96
.33 1.01 £.20

usj-m

92.

5.05 38.48 48.45 13.96

M8J-34,

r?

m s j -35,

*7

93,
94.
95.

.78

6.18 44.43 88.94
.63

.90

.75 15.04 56.63 16.37

6.76

8.15

1.96

.77 35.59

-

3.31 trace
3.58

9.93

3.84

3,92

3.78

3.24 31.12

n

n

MSj-33, &oaport

3.96 13.15 87.36 28. IB 13.47 19.43 11.61

MSJ-36, Lisbon

1.92

MSiT-37. Gosport

5.76

.98

,80

•64

1.12 34.60

(?)

SSI

76.

.09

1.21

4.35 12 •7$ 12 •91 21.48 17.03 10.19 20.01 16.10

97. 4.10 29.48 17.81 11.01 11.64

5.01

8.40

5.59

2.37

96.

14.84 35.59 11.02 11.25

3.85

2.53

2.67

2.27 16.01

99.

2.06 17.80 44.93 18.35

2.43

3.08

4.15

2.72

.54

•

H
o

100.

4.47 14.39
3.96

3.62 22.72

.21
.08 9.10 4.55 13.45 21,78 50.42 28.80
5.59" 61.15 ”T.“7 F 4.56 6,84 6.66 ~ ~ O T 21.18

M&T-l, Marl member
MSJ-2, Oreensand
MSJ-7,

*

MSJ-11,

*

M8J-12, Sbubut©
WJ-4I, Yazoo

IDS.

.55 37.72 48.01

3.89

1.05

.36

.23

103.

.10

2.48 13.54

7,22

8,92

9.44 36.70 46.22

R-7, Greensand

104.

.21 14.81 45.42

6.46

2.59

3.25

4.34

4.93 18.10 41.65

R-9,

105.

.59 14.01 54.99

9.19

1.84

3.05

3.50

3.45

5,44 16.41

Hq s .

on 8~4mm

.36

.39

25

.85
.38

27

.39

9.41 48.25

MSJ-18, Cocoa

R-ll,

4«2aim

23

26

8.30

«

54

1.16

£8

.19

2.52

£9

2.26

3.81

£8T

96.

124
AFP&JIBIX B,
Table III
Heavy,^saiaeral

of. heayy-mineral

0
0
W
tsj
\oen- A
0 ©,
d o ©
e© i ©
0 0 &4
o, ©
Samples. \ o ss *r*l
Nos. \ xJL jz
Texas:
50 61 39 38
54 76 24 43
58 78 24 41
58 75 25 36
64 57 43 30
65 73 27 31
67 68 32 41
70 47 53 63
69 57 43 22
71 58 42 32

4©5
*»
S3
r*4 «s
o e 45
u
©
0
a
«
*-»
45
cs3
c#>
0

a

0
T<
d
85
id

«rt

*>
flS •H
0 0
«
d 45
o *«■"!
5

11
4
2
3
£2
7
16
1
32
14

percentage a

405
to
0
*«4
CO
«t3
©

m
45
©
53
•H
0*
tx\

0
*D
0
0
r-4 ♦5
«S©
3 4»
** O
«
©
SrQ4

4©3
*4
o
r*4
M
o

6

9
7
9
9
16
10
9

13
20
£8
28
5
21
13
2 21
11
12 6

6
12
2
7
10
10
10
10

8
3
3
7
6
9
9
1
.0

.1

1
3
3
4**-

2
2
~

1
1
6

8
4
9
7
6
7
1

&
©

—

3
1

•

«*►

-

«er>

4Hft

2
1

X

.**

«

-

Itffc.
*

1
1

•w

«w

1
1

1
1
1

«r.

—

1

«•

—

2

—

—

—

1
3
1
«*» •** —

-

1

**
—

•«w»

Louisiana:
(IanYille J
47 60
46 82
45 42
(Yards}
7-185 33
41 36
(Union
Church}
39 60
(Tullos}
37 56

6 7 12 8
40 61 4
38 43 4 12 13 8 13
58 54 13 4 11 7 6

2
4

67 59 6 4
64 11 16 18

B 11 8
5 7 18

4 1 82

40 30 16 13

6 14

9

4

44 25 17 17

4

8 IS

4

4

8 - 1

Mississip
ppi:
R-16
H-17
R-16
R-10
H- 7
H-15
P- 9
R-14-1
H-12

49
59
43
45
49
49
53
54
59

51
41
57
55
51
51
47
46
41

20
21
26
10
12
8
22
11
13

22
25
23
29
46
31
30
33
27

11
10
15
10
6
6
5
11
13

©
45
a? •H
45 M
*r4 Q
N ©
e mU
03

1
Z
3
3
3
7
1
3
2

11
7
10
12
4
6
10

8
19 13
8 5
19 12
17 7
23 11
15 13
16 12
5 £3 11
22

8
4
3
%

1
1
1
8
i
3
3

-

—

JL

2

3

(Pachuta)
78
84
81
73
80

54
46
40
33
60

46
54
60
67
40

25
16
19
16
19

25 10
33 7
26 11
27 13
22 7

1
—
3
4

15
17
15
10
14

11
14
13
16
87

6
3
8
7
Z

3
8
4
2
2

(Cocoa}
76
75
102
72

47
40
35
47

53
60
65
53

12
17
14
17

34
25
33
30

1
2
2
1

11
18
12
11

16
17
13
IB

9
7
8
9

1

B
1

(Moodys
Greensand) 97 23 72 6 36 5
93 36 64 8 45 10
99 50 50 20 31 11

1 13 30 4
3 7 20 6
— 9 14 13

5
1
2

{Gosport}
93 39 61 16 31
92 50 70 12 29

7
5

3
1

6 19
3 34

7
8

7
8

£

(North
Creek)
38 56 44 43 14 5
77 59 41 48 8 12

5
5

9
6

9 10
9 1

1
a

1
3

{Lisbonr
94 67 33 36 29

1 12 11

1

i

4 _5 Jg. JSL __8

18
13
10
16

7

10 11 HI is M. M
£ ML
3

1

2

4
1
I
1

-

APPENDIX

c.

LOCALITIES OF SAMPLES
Nos.
1
2
3
4
5

Field Nos
Y-l
Y-2
Y-3
R-l
R-2

6
7
8
9
10

R-3
R-4
R-6
R-8
R-10

11
IE
13
14
15

R-12
R-14
R-16
R-17
R-18

16
17
18
19
20

Y-l *
Y-21
Y-3*
R-l*
R-2 f

21
22
23
24
25

R-3J
R-4*
R-6 f
R-8*
R-10 *

26
27
28
29
30

R-12T
R-149
R-16*
R-17 *
R-18*

31
32
33

R-14“7 *
489
353

L o o a l l t y
Road cut, just south of Yazoo City, Yazoo
County Mississippi

A ravine at the edge of the woods about 300
yards southeast of the playgrounds in River*
side park, or about 1.50 miles east of the
Bailey junior High School, Jackson, Hinds
County, Mississippi (Stop at Riverside Park:
Guidebook, 6th field trip, Mississippi Ge
ological Society.}

One mile west of Montgomery, Natchitoches
Parish, Louisiana, on the bank of Bed River,
lust above llRnltic beds.
126

127
ftos.

Field Nos.

34
35

355-1
355-2

36

F-116*

37
38
39
40
41
42
43
44
45
45
47
48
49
50

L o c a l i t y
Hear Montgomery, Natlohitoches Parish, La.
Five feet higher than 355-1.

Center of sac. 24, T. 11 N., R. 2 E
La
Salle Parish, Louisiana, On U.S.Highway
165
F-169
HS| SE£ sec. 23, T. 10 N . , R. 1 E. La
Salle Parish, Louisiana, 2 0f above mas
sive glauconitic sandy marl.
F-180
HW| SEi sec. 31, T. 10 N . , P. 2 S., La
Salle Parish, Louisiana.
F-164
Center of NW$ sac. 13, T„ 10 H . , R. 2 E.,
La Salle Parish, Louisiana
F-176
Center sec. 30, T. 10 H . , R.2 B., La
Salle Parish, Louisiana.
F-155-1
Center of sec. 29, T. 9 N., R.3 E . , along
State Highway 6, LaSalle Parish, Louisiana
F-174
SEi SKz sec 27, T.10 N . , R.2 E * , LaSalle
Parish, Louisiana.
F-211
SWi SW* sec. 5, T.9 N . , R.2 1., LaSalle
Parish, Louisiana
F-195
Center of sec. 5, T. 9 N , , R. 2 E . , along
State Hithway 474, LaSalle Parish, La.
SW corner of see. 3, T. 8 H., R.2 W. f
F-81
Grant Parish, Louisiana.
Center of m i HE| sec. 24, T.9 H . , R*3E.,
F-187
Grant Parish, Louisiana
NEi SEi sec. 24, T.9 N . , R. 2 E * , LaSalle
F-217
Parish, Louisiana
GOT-6-1® '
GOT-6-2
GMT-6-5

56
57
58
59
60

GMT-6-6
GOT-6-3
GMT-6-9
GOT-6-10A
GMT-6-10B Along the bluff on the east (left) bank
the Brazos river from 400 to 50 yard©
GOT-6-10C south (downstream) toward Kippe's Bridge
GI-.fr—6-10 T> between bridge and Hoke*s Creek, Appro
QOT-6-10E ximately 3.5 airline miles TtfSK from
GMT-6-11 Welborn Station, Brazos County, Texas.
GOT-6-14

61
62
63
64
65

GOT-6-16
GOT-6-17
GOT-6-18
GMT-9-1 -}
GMT-9-5 I

51
52
53
54
55

128
Nos.

6©

Field H©a -

L o c a l i t y

©7
63
69
70

GMT-9-7
9.7 Miles south-east from Madisonville to
GMT-9-10 *> Madlsonville-Walker County line on high
OMT-9-11
way 190, Madison County, Texas.
GMT-9-13
GMT-9-13

71
72

GMT-9-16J
MSJ-13

73
74
75
76

MSJ-15
MSJ-20
MSJ-21
MSJ-25

77

MSJ-27

78
79
80

MSJ-31
MS J - 5
M3J-8

81

MS J-16

82

MSJ-22

03
84
85
86

B3SJ-23
MSJ-29
MS J— 30
M3J-10

87

MSJ -4

88

MSJ-17

89
90

FM3J-2Q
MSJ-33

91
92
93
94
95

MS J-33
MS J—34
MSJ-55
:^j-36
MSJ-37

96

MSJ-1

97
98

MSJ-2
M3J-?

99

MSJ-11

100

MSJ-12

NW| sec. 10, T.10 N . , H. 7 W., Clarke
County, Mississippi.
Just above sample 72 (M3J-13).
> SWi sec. 18, T.10 N . f .R.5 W., 'Wayne County,
J MississiDpi
SWi see. 39, T.1Q M., R. 5 W. , Wayne
County, Mississippi
Hefin Creek Locality, sec. E, T.10 N.,
R S 1 , Choctaw County, Alabama
T.10 W., R.4 W . , Choctaw County, Alabama.
S2i see. 3, T.3 ff.,R.12 S. Jasper County,Miss
0.4 mile north of Pachuta along railroad
cut, Clarke County, Mississippi.
About 15’ above sample MSJ-13, in narrow
creek, Clarke County, Mississippi
SWi sec. 18, T.10 N., R.5 W., Wayne County,
Mississippi
Same as MSJ-E3
SS of Melvin, T.ll N . , R. 4 W., Choctaw
County, Alabama.
i mile south of Barnet on U.S. Highway 11,
Clarke County, Mississippi
SWi sec. 1, T* 3 H . , R. 12 S., Jasper County,
Mississippi
SWi sec. 18, T.10 H . , R.5 W., Wayne County,
Mississippi
Sec. E, T.10 N .,R.5 W., Choctaw County, Ala.

'j
1

Little Stave Creek, Clarke County, Alabama

*
SW| sec. 1, T.3 N., R.12 W. Jasper County,
Mississippi
Same as sample \TSJ~1
1-mll© H. of Pachuta, Clarke County, Mias.,
on U.S. Hwy 11.
SEi sec.4, T.2 N. , R.16 &*, Clarke County,
Mississippi
SWi sec. 23, T.10 N ., R.7 W., Wayne County,
Mississippi

129
Nos.

Field Nos.

101
102

HSJ-41
MSJ-18

103

R-7

104
105

R-9
R-ll

*

_______

L o c a l i t y

^

Little Stave Creek, Clarke County, Alabama
SWi sec. 18, T.10 H., R. 5 W . , Wayne County
Mississippi
Riverside Park locality, Jackson, Hinds
County Mississippi.

All samples numbered with initial nTn were collected by
Dr. H. N. Fisk.
All samples numbered with initial "QMT" were collected by
Dr. £. S. Murray.
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I, Mlng-Staan Sun, was born in Shantung, China, on May
10, 1918.

My family was a Christian family.

My father was

a civil engineer of the Tientsin-Pukow Railroad in North
China,

I went to Sin-Hua preliminary school when I was six.

This preliminary school was in a small town Ping-Yuan,
Shantung*

1 attended this school for six years.

After gra

duation from this school, 1 went to Porter Academy in Tehchow *
This academy was a Congregational missionary middle school
in China.

After graduation from the junior middle school of

the Porter Academy, I transferred to Lu«Ho Middle School,
which was 16 miles east of Peiping.

The situation of North

China became so very grave when I graduated from Lu-Ho*

Thus,

X went to yanking and was admitted to the National Central
University after passing the entrance examination*

In 193?,

the Sino-Xapanese war began and the Central University was
moved to Chungking, Szechuan.

I received a B.S. degree in

geology from the Rational Central University in 3nly, 1940.
From 1940 to 1942, I worked as an assistant geologist in the
Geological Survey of Szechuan.

In 1942, X went back to

National Central University to pursue advanced study in
geology and in mining engineering.
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In 1944, X passed the
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governmental examination and secured a title of mining en
gineer-

In 1945, I was qualified, after passing the govern

mental examination, to go abroad to pursue advanced study
in geology.
1945.

I was admitted to the University of Chicago in

In 1947, I received a M.S. degree In geology from

the University of Chicago.

In September, 1947, I was ad

mitted to the Graduate School, Louisiana State University,
where I have worked for an advanced degree in geology until
now.
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